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The preparation of this little work has for nearly a year ocoapied 
the evening honrs of days spent in the srdaoas bat pleasant 
duties of a field geologist. As the first of a new series of Science 
Manuals, it is necessary to enter somewhat in detail into the 
scope and aim of the Yolnmes it is proposed to issue from Hook 
to time. They are intended to embrace sufficient of the subjects 
they treat of, to render them available for science students, 
whether in attending collegiate courses, science classes, or 
working privately ; at the same time they are issued at such a 
price as to place them within the reach of elementary schools. 
The matter and mode of treatment, it is hoped, will be found 
equal to those of larger manuals, among which we trust these 
volumes may hold an honourable place. The style is simple 
without falling into the de haut en bos system, which neither 
pleases the junior scholar, nor commands the respect of senior 
students. 

Bespecting the present work, which may be taken as a type of 
those to follow, the author has spared no pains to make it essen- 
tially original. He has referred wherever possible to the original 
memoirs, and while existing text-books have been consulted with 
regard to treatment, the matter they contain has only been drawn 
upon in cases where either the facts or deductions were new. All 
the calculations have been verified afresh, and in this way errors 
have been avoided which have been continually reproduced in 
consequence of this great but necessary labour being ignored. 
As one instance of the utility of this expenditure of time, the 
author may be allowed to quote the case of so simple a calcula- 
tion as that of the weight of the ocean. Sir John Herschel in 
his work upon Physical Geography, by an oversight has estimated 
the whole surface of the emrth, instead of merely the (existing 
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water snrliice, as oovered by an ocean four miles deep. The resalt 
of coarse gives a total far too great, and as Sir John's high author- 
ity has been quoted in more than one work, it may be as well to 
call attention to this fact. The author commonicated with Professor 
A. S. Herschel, the son of the great astronomer, respecting this 
and other similar errors, and begs most cordially to acknowledge 
the courtesy and assistance he has received from him. The cor- 
rected totals, as estimated by the author and verified by Professor 
Herschel, are embodied in the present work, and will also be in- 
serted ip. future editions of Sir John's book. 

Some of the points to which attention is directed are as 
follow 

1. The proofs of the earth's rotation have been partly revived 
from Eergnsson, with additions, as in the calculated velocity of the 
fixed stars on the supposition of their revolving about the earth. 

2. The motions of nutation, precession, etc. , have been simply 
txpounded as they have assumed great importance lately on 
account of their bearing upon the subject of climatal change. 

3. The mode of illustrating the measurement of degrees ou 
the, earth's surface is new. 

4. The simple laws expounding the theory of waves have been 
deduced from the tables of the Astronomer Boyal, and so far are 
new. 

5. Notwithstanding all that has been written concerning the 
origin of Ocean Currents, the author still believes the causes 
stated in the text to be the true ones. 

6. The classification of springs is original, and geological 
friends must judge bow far the adoption of the word " transtratic" 
was warranted. 

7. Lakes are treated from a Geological as well as from a Geo- 
graphical point of view. 

8. Attention has been directed to the presence of the atmo- 
ipheric cold region, since the snow-line only is usually treated. 

9. The phenomenon of dry fogs is introduced. 

10. In the illustration to the article on Mirage, the author's own 
experience has been given as adding new examples to the stock, 
and as affording good illustrations of the subject. 
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11. In othek' cases he has addaced his own personal observations, 
not becaase they are better than others, bat becaase book- 
making" has oaosed the standard illostrations to be recopied 
again and again. 

12. The annual distribution of temperature is explained by 
describing the isotherms of 32° and IT* at different seasons of 
the year. 

13. Great care has been expended in the selection of headings 
to the YariouB divisions of the subjects. 

14. A synoptical index is appended, by the aid of which the 
student will be able at once to refer to any portion of the work. 

15. The derivation of every technical term is given. 

The sections on Geological Belations and Life are treated as 
fully as space would admit, which must be the excuse for their 
being treated in so '* general " a style. 

The author acknowledges with gratitude the assistance he has 
received from Professor A. S. Hersohel, B.A., F.B.A.S., in 
affording him valuable matter, as will be seen in the work, and for 
guiding him clear of at least one serious error ; to the Astronomer 
Royal for correcting the proofs of the article on the Theory of 
the Waves ; and to Mr. H. W. Bristow, F.B.S., etc., director of 
the Geological Survey of England, Mr. E. Best, and other of his 
colleagues, for the interest they have taken in the work. 

S. B. J. S. 

U.M. Geological Survey, 
May, 1872. . 



ADVERTISEMENT TO SECOND EDITION. 

We are gratified to find that a new edition of this work ha^ been 
80 rapidly called for. / The sweeping condemnation of cheap text- 
books on science by the Department of Science and Art, has induced 
08 to tak9 our stand upon the grounds stated on the back of the 
litle-page, and to modify the title of the series. 

Sept., 1872. 
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INTRODUCTIOK 

Relations with the Sciences. — Physical Geo- 
graphy cannot strictly be termed a science. It is rather 
a collection from other sciences of those facts which 
relate to the earth, especially as it exists at the 
present day. It deals with the earth as a planet, 
having regard to its size and motions; that is, it 
inclndes that portion of Astronomy which relates 
to the earth. It inquires into the distribution of 
land and sea with their varied aspects of plains 
and mountains, valleys and hills, their ocean currents, 
and rivers ; and in seeking the causes of these things 
it encroaches upon the science of Geology, 'From 
GTiemisiry the Physical Geographer gleans inform- 
ation respecting the composition of the earth, the 
sea, and the atmosphere. The science of Physics 
teaches him the nature of the earth's magnetism, and 
its electrical conditions, the properties of air, of Hght, 
and of heat. Zoology and Botomy (or Biology, as 
these allied sciences are called) yield their facts as to 
the distribution of animal and pjant life, and the con- 
ditions favourable or unfavourable to their develop- 
ment. In short, there is no science but what yields 
some of its facts to Physical Geography ; hence it is 
that some knowledge of these sciences is necessary in 
order folly to realize the true nature of the different 
]^heinmieria} which the study of Physical Geography 
presents to our view. 



^ Gt., jfhainomenont an appeara^cQ. 0iiig. phenomenoiu 
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Definitioil. — The word Geography^ is derived from 
two Greek words which signify, to write about the 
ewrth. The word Fhysical^ is also from the Greek, 
and means natural; so that Physical Geography is 
a description of the natural earth, as distinct from 
Political Geography which treats solely of the earth 
in its relations to man. 



CHAPTER 1. 
ASTRONOMICAL RELATIONS. 

Apparent Motion of the Heavenly Bodies.— 
Above and all around ns there appears a vaulted arch 
called the firmament^ or sky. Rising overhead to an 
immense height, it seems to approach the earth on all 
sides and at length to rest upon it miles away, along 
the circular line which bounds our vision. This line 
is the horizmi,* 

By day the firmament is of crystal blue and is illu- 
minated by a brilHant body cwled the sun, which 
sweeps through the sky, rising above the eastern 
horizon in the morning and setting below its western 
verge in the evening. By night the sky is still blue 
but intensely dark in tint, and is lighted very feebly, 
as compared with the day, by the moon, a body 
apparently about the same size as the sun, and by 
taousanda of glittering points called stars, which are 
scattered in profusion over its entire surface. The 
moon rises in the east and sets in the west, like the 
son, and some of the stars do likewise. The rest 



^ Ge, the earth, and grapho, to write. ^ Physis, natarc. 

* L., firmainentum, a translation of the Hebrew word rakia, 
meaning, that which is spread out. * QT,,'horizo, to 
bound. 
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never seem to rise and set, but sweep in circles 
through the sky, without dipping below the horizon. 

Closer observation will show that the movements 
of the moon and stars are not precisely alike. The 
stars in their course never appear to approach or 
recede from one another, but maintain the same 
relative distances apart ; while the moon traces a 
course among the stars, drawing away from some, 
approaching and even passing over others. So that 
while the stars seem to be fixed in the firmament and 
to revolve with it round the earth, the moon, besides 
partaking of this motion, appears to have a move- 
ment of its own. Some few of the stars seem also 
to possess a movement of their own and to wander 
among the others ; and hence they are called planets, 
from the Greek word jpla/netes, a wanderer, while the 
rest are known as jfio^ed sta/rs. 

It will likewise be observed that there is a porut in 
the heavens round which these fixed stars revolve, 
the circles which they describe growing larger as the 
stars are more dist^t from it. In the latitude of 
London this point is not exactly overhead but is 
distant therefrom 38i° in the direction of the 
northern' horizon. Hence it follows that stars 
situated at a distance from this point or cLxis^ of 
revolution^ perform part of their journey below the 
horizon, thus causiog the phenomena of rising and 
setting above described. Close to this axis is a 
star, round which therefore all the others appear to 
revolve ; this star is called the Pole Star.^ 

Such are the appearances which the fiB*ce of the 
heavens presents to us by night, and for a long time 
it was considered, very naturally, that the sun, the 
moon, and the stars were fixed at one and the same 



^ L., the axle, or line on which anything turns. 
* L., n, back, and voloo, to roll>— to torn or roll baok dr round 
anything. ^ Gr., poleo, to iom. 
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distanoo in a solid crystal sphere wliioh reyolved 
about onr earth as a centre. But the pecnliar and 
independent motions of the sun, the moon and the 
planets were not so easily explained, and it was 
reserved for other ages to link all these phenomena 
together and explain them by a theory^ which should 
agree with all the facts. 

Beal Motion. — It requires but slight consideration 
to see that the revolutions above described would 
result if the earth had a motion in an opposite 
direction to that in which the stars appear to travel, 
that is, if the earth revolved in a direction from west 
to east upon an axis which if prolonged would reach 
the Pole Star. This reversal in the direction of the 
apparent motion is precisely the same as takes place 
in a railway train, where the trees and hedges seem 
to fly past in the contrary direction to that in which 
the trcun is moving. That the earth really has this 
motion may be considered as proved from a con- 
sideration of the following details : — 

1. If the sun and the planets revolve round the 
earth, then the larger bodies revolve about the 
smaller, and are influenced by it, without its being 
influenced by them in return. This is as absurd as 
to " suppose that six cannon balls might be projected 
into tne air, and that five of them should fall to the 
ground ; but the sixth, which is neither the highest 
nor the lowest, should remain suspended in the air 
without falling, and the earth move round about it " 
(Fergu88on). 

2. If the stars revolve about the earth, the forces 
by which they revolve are not directed towards the 
earth, but to the centre of the circles which the stars 
describe. That is, the forces would be directed to no 



^ Gr., theoreo, to Tiew. A theory is an explanation rocmlting 
from Tieving or examining anything. 
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central body npon whicli they physically depend, 
which is absurd. 

3. If the heavenly bodies revolve about the earth 
in 24* hours as they appear to do, those which are 
farthest from the earth must revolve the quickest. 
The moon, which is the nearest of those bodies, 
would have to travel at the rate of. about 60,000 
miles an hour. The sun would move at the hourly 
speed of about 23,250,000 miles. The nearest fixed 
star (a Gentmvri) at about 4,750,000,000,000 miles an 
hour, and one of the few other stars (61 Gygni) 
whose distance has been measured would have to fly 
at the rate of double this, or about 8,702,940,000,000 
miles in the hour. These stupendouB velocities are 
inconceivable, and when we consider they represent 
only a few of the nem'est of the heavenly bodies, it is 
apparent that they cannot revolve about the earth. 

4. The sun, the moon, and the planets revolve 
upon their own axes ; and the earth, which is a similar 
body, might be presumed to do the same. 

5. The rotation of the earth has been proved ex- 
perimentally. A pendulum always vibrates in the 
same plane. But as the earth moves under the 
pendulum it appears to change its direction of vibra- 
tion, and to move in the opposite direction to the 
rotation of the earth. 

We may then, consider it proved beyond reason- 
able doubt that the earth revolves upon its axis 
once in 24 hours. This revolution of the earth 
is called the diurnal rotation,^ because it occupies 
one day. Day and night are caused by a given 
portion of the surface being alternately presented 
towards and removed away from the sun. 

Shape of the Sarth. — We will now pause to con- 
sider what hitherto we have left untouched, namely, 
the sTia^e or figure of the earth. From what has 



^ L.| dUi^ a day. L., rotation to turn round like a wheel (jrotaV 
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just been said, we may consider the earth as spinning 
round in much the same manner as a marble twirled 
between the thnmb and finger. Now when the 
particles composing snch a spinning body ;are free to 
move among themselves, as when in a liquid state, 
they always assume a definite form, and that form is 
a sphere or ball more or less flattened about the 
extremities of the axis upon which it turns. Drops 
of water whirled from a spinning top are an illustra- 
tion of this, but the sparks which fly from a black- 
smith's anvil are better suited to show it, for on 
cooling they can be handled. The science of geology 
tends to show that the earth presents every appear- 
ance of having cooled down from a fluid state, and 
moreover that the central portions of the earth are 
still hot. Such being the case we might expect that 
the earth, like the spark (which it resembles in still 
other points), would have assumed some such form ; 
and the most careful measurements show that it is 
reaUy the case, and that the earth is actually an 
orange-shaped body, flattened towards the poles^ 
which are the extremities of its axis of rotation. 
This shape is known as an oblate spheroid,^ 

The rotundity of the earth may be proved in the 
following ways : — 

1. A ship leaving port on a clear day does not 
eventually become lost in dim distance, but sinks 
from sight, the hull going first and the sails gradually 
following. Just as, to a spectator the wheels of a 
carriage going over a hill are first lost to view, and 
then the body of the vehicle itself. 

2. Vessels are continually sailing round the world 



^ If the earth were perfectly ronnd it would be a sphere ; not 
being bo it is a spheroid; if the poleg netQpvXUd out instead of 
flattened it woiSd be a prolate spheroid, Gr., sphaira^ a 
globe, and eidos, like. L., o&, against, latum, borne or brought ; 
pro, forth, and latum. 
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in an east and west direction, tlins proving its ro- 
tundity in that direction. The conrse for outward 
bound vessels to Australia is round the Gape of 
Good Hope, that is eastward; and the homeward 
conrse, round Cape Horn is still eastward. So 
that a vessel, when it arrives in England affcer such 
a voyage, has been sailing in the same direction 
on both passages, and has hence sailed right round 
the globe. 

3. A traveller proceeding from north to south finds 
the northern stars gradually disappearing below the 
horizon, and new stars gradually appearing in the 
south. In travelling from south to north these ap- 
pearances are reversed, the southern stars being 
gradually lost, and the northern ones gradually 
appearing. Now, as this is just what would happen 
if the world were round; and as it could not possibly 
happen under any other circumstances, we may con- 
clude from it that the world is round. 

4. In making a canal, an allowance for curvature 
of about eight inches in the mile is needed, in 
order to maintain the * water at the same level 
throughout. Were the earth a plane surface, this, 
of course, would not be necessary. 

5 During eclipses of the moon, the boundary of 
the shade is always circular. Now, an eclipse of the 
moon is caused by the earth passing between the sun 
and the moon, and throwing its shadow upon the 
moon; and, as the earth is in different positions 
during different eclipses, it follows that the earth 
must be round, otherwise the shadow would assume 
different shapes. 

6. "When a triangle is carefully measured on the 
earth's surface, it is found that the sum of the three 
angles is greater than two right angles. This can 
never be the case on a plane srupfece, but must alwayg 
be the case on a curved surface. 

Exact Shape and how Determinodw— 
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now proved that the form of the earth is something like 
a ball, and we will proceed to show that the precise 
shape is that of an oblate spheroid, or such as might 
have been expected in the case of a rotating body 
which has cooled down from a molten state. 

If we observe the height of the snn at mid-day at 
any place, or find its mendia/n altitude,^ as it is called, 
and then travel southwards until its altitude is in- 
creased by a degree, it is evident that we shall have 
passed over one degree of the earth's surface. Now, 
if we measure tins distance accnratelyi we shall 



Fig. 1. Diagram showing the* method of measuring degrees 
of the earth's snrfiace. 

In this figure the lines AS and a S' are both supposed to 
be pointing in the direction of ti^e son, and would toaoh it if 
prolonged so far. Thirty degrees have been chosen instead of 
one, to prevent crowding the lines together. The reasoning 
is the same for one degree as for thirty. 

obtain the length of a degree ; and as we shall be 



1 L., meHdianuit pertainiog to zoid-day. L.} aUus, aUitudo, 
height. 
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measuring a curved surface and not a plane, it will 
giye us the amount of curvature at that place. It is 
found that everywhere these degrees are of nearly 
the same length, and that length is 364,578 English 
feet. 

To render this more plain, let DAE (fig. 1) repre- 
sent the outline of a portion of the earth, and let A 
be the station of the observer. Then B will be the 
direction of his zeniih}-^ AG the direction of his 
horizon. Let S be the direction of the sun, and 
8up|)0se it to be 60® from the horizon, or 30"* from the 
zenith, as shown by the scale attached to the curved 
line. Now suppose the observer to travel to a ; here 
ac is the direction of the horizon, and S' the direction 
of the zenith and of the sun also. In this case the 
sun's altitude is 90° (instead of 60° as before); it 
therefore seems to have ascended 30°, whereas the 
fact is, the observer has moved over 30° of the earth's 
surface in passing from A to a. 

If the degrees were of the same length everywhere, 
the earth would be a sphere; but though very nearly, 
they are not precisely alike, but are found every- 
where to become longer as we approach the poles. 
" An increase in the length of a degree indicates a 
less amount of curvature, the earth's surface is, 
therefore, less curved, that is, is flatter as we ap- 
proach its poles from all sides from the equator " 
(Herschel). This conclusively proves the shape of 
the earth to be an oblate spheroid. 

Annual Bevolution. — Besides the diurnal rotation 
on ts axis, the earth possesses another motion, 
namely, a motion round the sun. It would take us 
fer away from our subject to describe how this was 
ascertained; we shall, therefore, describe it without 
entering upon any such details. 



^ Bp., zenit, from Arabio, imt-ar-roit the quarter (or direc- 
tion) of the head. 



10 PHYSICAL GEOGRAPHY. [CHAP. 1. 

The Planets. — The eartli is one of a nranber of 
bodies which revolve about the snn as a centre. The 
paths in which they travel, or their orbits,^ as they 
are called, are elliptical in shape, and in the case of 
the earth not much differing from a circle. These 
bodies are called planets, from the wandering course 
they describe in the heavens, which appearance is 
due to the revolution above mentioned, and to the 
difference in the speed with which the planets travel 
in different parts of their orbits. Of the planets 
there are eight principal ones, and an unknown 
number of smaller ones, of which there are at 
present 116 already discovered. The names of the 
eight principal planets are as follows, starting with 
the one nearest the sun : — 

1. Heronry. 2. Yentifl. 3. Eartb. 4. Han. 
6. Jupiter. 6. Satnm. 7. TJraniu. 8. Keptime. 

Of these the first four are called interior planets, the 
rest exterior planets. 

The axis of the earth is not perpendicular to the 
plane of its orbit, but is inclined to it at an angle of 
23° 28' Another very important point to remember 
is that, during the whole of its revolution round the 
sun, the axis remains parallel to itself ; in other words, 
it points always to the same place in the heavens. 
The phenomena of day and night and the seasons are 
the result, primarily^ of the revolution of the earth 
round the sun ; secondarily,^ of the inclination of the 
axis to the plane of the orbit, and of the parallelism 
of the axis. The earth revolves upon its axis rather 
more than 365 times in the course of one revolution 



^ L., orbita, literally the track made hy a wheels a coarse. 

* The Bigns mean, degree (•»), minute ('), second ("). 

* L., i^mitf, first, in the first, or chief place. 

^ L., secmdm^ eeoond, in the second, or subordinate place. 
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ronnd the stin. The period of one such revolution is 
called a yea/r^ and its exact length is 865 days 5 
hours 48 minutes 51'6 seconds. 

Day and Night: the Seasons. — ^We will now pro- 
ceed to describe the phenomena of day and nigM^ and 
of the seasons^ by reference to the following diagram 
(fig. 2), in whicm the ellipse represents the orbit of 
ttie eaith ; A, B, C, D, the position of the earth at 
different periods ; P, the north and south poles 



respeciiyely ; S, the position of the sun; and the 
arrows, the direction of the earth's motion. The 
shaded portion shows what part of the earth is not 
illuminated by the sun's rays; this is determined 
by a plane passing through the earth's centre, and 
perpendicular to a line Joining the centres of the 
earth and sun; and me circle formed by the 
intersection of this plane with the surface of the 



B 



P 




Fia. 2. DuGBAu 07 tbb Sba^ons. 
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earth is called the droie of UgM and darkness^ or the 
cvrde of ilhmiinaUon^ if light only be mentioned. 

When the earth is in the position A, the circle of 
illnmination passes through both the poles, and it is 
day over half the northern and half the southern hemi- 
sphere at the same time. As the earth revolves on its 
axis, every portion of the surface, therefore, is illu- 
minated for twelve hours, and passes the other twelve 
in darkness, so that day and night are equal in length 
over the whole world. Hence this time is called the 
equinox} As the earth is in such a position about 
March 21st, it is called the vemal,^ or spring equinox, 
to distinguish it from the autumnal equinox, which 
happens about the 21st Sept., when the earth is at 0. 

Ajs the earth travels in the direction from A to B, 
the north polar region is brought more and more 
within the circle of illumination, until when it reaches 
B, the north pole and aU the region 23^° from it 
revolve in continual light. At the same time the 
south polar region has been carried further and 
further away from the light, and continual night 
reigns within the antarctic' circle. It is evident^ 
therefore, that the days have been growing longer in 
the northern, and shorter in the southern hemisphere, 
during the progression of the earth from A to B. At 
the equator the length of day and night are still 
equal. Now, the longer the day the greater the 
amount of heat received from the sun, and the 
shorter the night the less will the earth cool down 
before the succeeding day brings renewed warmth ; 
so that, while the days in the northern hemisphere 
have been growing longer, they have also been 
growing warmer ; or, in other words, summer has 



^ L., aquui, equal, and nox^ night. * L., vemaliSt spring. 
*L., arUi, opposite, and Or,, ariktoff, a bear, referring to the 
northern constellation, the Great Bear* 
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been coming on. The earth arrives at 6 about 
Jnne 21st, and this is called the suYnmer solstice. ^ 

StiU moving in the same direction, the days in the 
northern hemisphere grow shorter, and therefore 
colder, nntil the position C is reached, when the 
circle of light and darkness again passes through the 
poles, and day and night are equal once more over 
all the earth. This occurs about September 21st, 
which is the time of the (minmmal equmox. Day and 
night are still equal at the equator. 

In travelling from C to D, the days in the northern 
iiemisphere stSl continue to grow shorter and colder, 
until the winter solstice (D) is reached, about Decem- 
ber 21st, The whole of the arctic circle revolves in 
darkness at this time, and the whole of the antarctic 
circle in light ; while at the equator day and night 
remain equal. 

The autumnal equinox, then, is the reverse of the 
vernal, and the summer the reverse of the winter 
solstice. 

On the earth's journey towards A, the north pole is 
once more carried into Hght ; the days, therefore, grow 
longer, and consequently warmer, and winter gives 
way to spring. 

Briefly to recapitulate these points, — ^from the 
winter to the sunmier solstice the days in the northern 
hemisphere grow longer and warmer; while in the 
southern hemisphere they grow colder and shorter. 
From the summer to the winter solstice the northern 
days grow shorter and colder, and the southern days 
longer and warmer. The seasons are reversed in the 
two hemispheres, midsummer in the northern cor- 
responding with mid-winter in the southern hemi- 
sphere, and vice versd. The equator in astronomy is 



^ L., «o2, the Bon, and Hsto^ to make to stand. 8o called, 
beeanse tiie son aeems to stand or linger in that position before 
moving back. 
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cflJled the eqwinocHaZ line, becanse there the days and 
nights are eqnal all the year round, or in other 
words there is a perpetual equinox. 

Nutation. — ^We have now shown how the varying 
lengths of day and night, and the succession of the 
seasons, are caused by the inclination of the earth's 
axis to the plane of its orbit, and the revolution of 
the earth around the sun. And it is easily seen that 
if the Bjds were perpendicular to the plane of the 
orbit, one unvarying equinox would reign over the 
globe, and the succession of seasons would be lost. 
Eternal winter would rule in polar regions, perpetual 
spring for ever weary the inhabitant of temperate 
climes, and the full blaze of summer always beat upon 
the torrid zone. If, then, this inclination should change, 
it would greatly modify the character of the seasons ; 
and it does actually vary. The angle, as we have 
said, at present is 23° 28', but it diminishes about 
48^ in a century, and will go on diminishing for an 
immense period, after which it will increase again. 
In other words, the axis itself revolves in a small 
ellipse, and does not always point exactly to the same 
place in the heavens. Hence arises Uie variaiion in 
the dbliquiUp' of the eclvptic^ ; for if the axis were per- 
pendicular to the plane of the orbit, the ecliptic 
would then coincide with the equator, and the greater 
the inclination of the axis, the greater the obliquiiy 
of the ediptio. This motion of the earth's axis is 
called wutakon^^ and is caused by the influence of the 
planeta upon the earth. The diameter of the drole 
thus desmbed is about 2'' 42^ and its period of re* 
volution about 270,000 years. 



^ L., ohliqmuj slanting. > Gr., eJslevpsii, a failure ; liter- 
ally, the line along which eclipses take place, or where light 
faiU, The path which the sun appears to describe oyer the 
earth, in eonaequeiice of the reroliition of iha earth about the 
sun. ' L., nutans^ nodding. 
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Exoentrioity of the Earth's Orbit. — The attrac- 
tion of the planets causes another disturbance in the 
earth's motion. We have said that the orbit of the 
earth, is elliptical in shape, but that the excentridty^ 
was so slight that the orbit was very nearly circular. 
Year by year the orbit is growing more and more 
circular, or the excentricity is growing less ; and this 
will go on for 23,918 years, or till a.d. 25,780, when 
it will be as nearly circular as it can be. After this 
it will again increase for ages. Some 210,000 years 
ago the excentricity was nearly at its greatest, and 
since that time it has decreased slowly and irregularly. 
The irregulariiy with which this change takes places 
will be best understood by a few illustrations: 
850,000 years ago the excentriciiy was greater than 
it had ever been for a million years ; 900,000 years 
ago it was less than it had been for the same space of 
time ; 800,000 years ago it had again diminished to 
very little; 750,000 years since it was again high, and 
then it decreased again ; and though sometunes it 
was more than at others, it was comparatively low 
for 540,000 years, after which (210,000 years ago) 
it was again very high, and since then it has de- 
creased irregularly and not very constantly, some- 
times increasing for a period, and then dropping to a 
less excentricity than before. 

Freoesaion of the Equinoxes.— Another movement 
is that called the preoession ^ of the equinoxes^ which 
means that the equinoxes come round sooner than 
they otherwise would, or in other words they jwecetie 
their time. As shown in the article on the seasons 
(p. 11), the earth makes one revolution about Hie sun 
mjm, say, the vernal equinox to the vernal equinox 
next succeeding. This, however, is not ; altogether 



^ L., ««, out of, centrum, the centre. The exoentricity of the 
oihit denotes the amount of deviation £r<»n a oirole. * L.» pre^ 
he£or«, and eeda, cefnim, to go. 
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fcrne, for if the sun sets ont from any fixed star at the 
moment of crossing the equinoctial line, it will cross 
the equinoctial again some twenty minutes before it 
arrives at the same fixed star, for the equmocHdl 
points ^ go back westwards about 50*^ in a year, aind 
thus meet the sun. This precession is occasioned by 
the attraction of the sun and moon upon the bulging 
portion of the earth, for if the earth were a sphere 
there would be no precession. The effect of the 
precession of the equinoxes is that the seasons are 
brought about successively in every part of the 
earth's orbit, winter sometimes occurring where 
summer now happens, and so on. This movement 
by itself would cause the equinoctial points to perform 
the circle of the equator, and the seasons to coincide 
with each point of the orbit once in 25,868 years. 

Bevolution of the Apsides. — But this cycle ^ of 
changes is shortened by being combined with a 
motion caused by the attraction of the planets, called 
the revolution of the apsides} The apsides are the 
points at which the earth is nearest to and farthest 
from the sun ; a line connecting these points is called 
the liite of ihs apsides^ and it corresponds of course to 
the longer axis of the earth's orbit. Now this axis 
is not continually directed towards the same point in 
the heavens, but slowly revolves, and the result of 
the combination of this revolution with the precession 
causes the cycle of the seasons to be peiformed in 
about 21,000 years instead of 26,868 years. 

In these varied movements we see a powerful cause 
of change in climate but the limits of so Bhort a 
treatise forbid any enlargement upon this subject. 



^ Thd equinoctial points are the points where the ecliptic 
orosses the equator or equinoctial line. ^ Chr., hyJdos, a 

circle. A c^de is an interval in which events re-occor in a cer- 
tain ordor. * dr., hapHs^ a cnrved form ; sing., opaie. 
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Becapitulation of Movements. — The earih's 
xnoyements are as follows : — 

1. Diurnal revolution on its axis. 

2. Anrmal revohiUon roimd the snn. 

3. NutaUouj a vibratory motion of the earth's axis, 

due to the disturbing influences of the nearer 
and larger planets. 

4. Va/riatimi in the excentricity of the orhit^ due to 

the same cause as the above. 

5. devolution of the apsides — a revolution of the 

axes of the orbit, also due to the same dis- 
turbing cause. 

6. ^recession of the equinoxes^ by which a given 

equinox occurs twenty minutes earlier than it 
otherwise would, owing to the equinoctial 
points receding 50" per annum; due to the 
influence of the sun and moon upon the excess 
of matter at the equator. 
Size of the Earth. — The size of the earth has been 
estimated very carefully, and the most recent inves- 
tigations give as its dimensions. 

Polar diameter .... 7,899*2 miles 
Equatorial diameter. . . 7,925*6 „ 
IMfierence, or Compression 26*4 „ 
Mean Circumference . . 24,857*5 „ 
Extent of Surface . • . 197' million sq. miles 
Cubic contents . . . .256,000 „ cu. „ 
Weight 5,852 trillion tons. 

Professor A. S. Herschel, in a letter to the author, says : " I 
recollect that my father mentioned to me a ourioas approximation 
to the length of an ellipse of small excentricity (like that of a 
terrestrial meridian AB ah, produced hy a polar compression, 
BO be, at each pole), that the whole length, AB ah, of the ellipse 
Ss less than that of the circle AO ac on its major axis as diameter, 
tfj one whole circumference of the small circle BO described on 
the polar eompression at one of the poles (or difference between 
the eqoatonal and polar radii of the earth) as diameter. IVx-o?;^ 
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jnst verified, for my own laUBfiustion, this earions geometrie&l 

property ; and found in addition that the turf ace of the earth's 
spheroid is equal to the ourred surfaces of a cylinder tonohing 
the earth at the equator, and shorter than the uncompreised polar 
axis (or diameter of the equator) by | of the aotoal polar com- 
pression (or f X 26*47 » 17*65 miles). 

Taking the equatorial diameter ■•7925*65, and the polar 
axis =7899*17, I obtained the spherical (or uncompressed) 
surface of the earths 197,840,850 square nmes, and the octuaZ 
compressed, or spheroided surface » 196, 900,880 square miles. 

**For the Tolume of the earth, which is (equally for a spheroid 
or a sphere), | of the circumscribing cylinder I obtained 
I X (0*785898) X (7925*65)» X (7899*17) « 259,806 milUon 
cubic miles, which agrees with the solid contents gi?en in Sir 
Tohn Herschel's work. 

" The weight of the globe, on the supposition of its density being 
5} times that of pure water, 5852 trillions of tons, also agrees 
with this figure, if the weight of one cubic foot of pure water is 
62*821 lbs., which it is ahnost exactly, at 62*" F.*' 

The density of the earth has been esidmated in 
three ways; (1) by observing the attraction which a 
mountain exercises on a plumb-line, as compared with 
the earth's attraction upon it ; (2) by comparing the 
attraction of large balls of known weight and density 
upon a freely suspended bar, with the attraction of 
the earth upon the balls ; (3) by observing the vibra- 
tions of pendulums at, above, and below the sur&ce, 
and calculating the effect of the increased and di- 
minished distance from the earth's centre. The 
mean of these experiments gives the density as about 
5i times that of water — a density double that of the 
rocks forming the known crust of the earth. 

Comparisou of the Earth and Sun. — The earth 
is very small in comparison with the sun; its diameter 
being over a hundred times less than that of the sun, 
whidi is 848,077 miles. The hulk of the sun (which 
must not be confused with the mass) is about 
1,250,000 times that of the earth, but its mass, that 
is, the aotu&l Quantity of matter composing it, is only 
about 820,000 times as much as the mass of the 
earth. In other words, the material of which the 



CHAP. I,] 



ABTBONOMIOAL BBLATIONS. 



19 



eaxth is composed is denser, or heavier, than that 
composing the sun, bulk for bulk. 

Centrifagal Porce. — In consequence of the earth's 
diurnal rotation, bodies upon its surface have a 
tendency to fly off, like drops of water from a top : 
this tendency is called centrifugal'^ force. The faster 
the earth revolves the greater is this tendency ; and 
as the motion is greatest at the equator, where any 
spot has to sweep through 25,000 miles in twenty- 
four hours (or about 1000 miles an hour), while at the 
poles the motion is merely upon itseK, so centrifugal 
force is most powerful at the equator. In other 
words, bodies there have a greater tendency to fly off 
or " go up in the air," than at any other place. If 
the earth revolved seventeen times faster than it does, 
the tendency to fly off would exactly equal the force 
of gravity of the earth, and bodies would have no 
weight. As it is, bodies weigh less at the e(j[uator by 
1-100, 569th than they would at the poles. 

The Circles of the Globe. The circles^ of the globe 
are (1) the equator, (2) the tropics, (3) the echptic, 
(4) the polar circles, (5) parallels of latitude, (6) 
terrestrial meridians, or meridians of longitude. 

(1) Ths EguatoT^ is a line drawn so as to divide the 
earth into two halves or hemispheres^ It is in every 
part equidistant^ from the poles. From it latitude iB 
measured, and is called north or south latitude, accord- 
ing as it is in the northern or southern hemisphere. 

(2) The Tropics^ are lines drawn 23^" north and south 
from the equator (or in 23 J° north and south latitude) 
and parallel to it. The circle to the north of the 
equator is called the tropic of Cancer; that to the 
south, the tropic of Capricorn. They are called tropics 

^ L., centrunit the centre, and fugOj to fly, ^ Though 
called dreUi^ many of them are ellipses owing to the earth's 
Agore. ' L., equator ^ that which divides equally. ^ Gr., 
lumi, half, and aphaira, a globe or sphere. * L.. ^BqtiMf ^ 



eqiuJ, and dUtant, 




\r,, trepot to tom. 



20 



PHTSIOAL QEOGRiLFHT. [CHAP. I. 



because the snn in his apparent cmmaX^ conrse abont 
the ea^h (due to the earth's travelling ronnd the sun) 
seems to tnm back again when perpendicular over 
that line. If the earth's axis were perpendicular to 
the plane of its orbit, there would be no tropics ; as 
it is, they are situated exactly as far distant from the 
equator as the inclination pf the earth's axis varies 
from the perpendicular, that is, 23° 28' or nearly 23^*'. 

(3) The Ecliptic^ is the line on the earth's surface 
along and perpendicular to which the sun appears to 

• travel each year. It cuts the equator obliquely, and 
extends from tropic to tropic. 

(4) The Pola/r Gircles are described about the poles at 
the same distance as the tropics &om the equator, that 
is 234** nearly. The circle about the north pole is 
called the Arctic Circle,^ that about the south pole the 
Antarctic Circled The circle of light and darkness lies 
always upon or within the polar circles. If the earth'p 
axis were perpendicular to the plane of its orbit, there 
would be no polar circles ; as it is, they are distant 
from the poles the same number of degrees as the 
earth's axis is inclined from the perpendicular. 

(5) ParaMels of Latitude^ are circles drawn parallel 
to the equator, and at any number of degrees from it. 

(6) Terrestrial Meridiam,^ or Meridians of Longitude'^ 
are circles drawn through the poles at right angles to 
the equator, and at any number of degrees from each 
other. 

Latitude and Iiongitude.-~The circumference of 
the earth is divided into 360 degrees (°), and as the 
poles are one quarter of the circumference, or 90**, 



* L., annus, a year, yearly. See notes pp. 12 and 

14 for derivation. ^ L., latitudo, breadth. ^ L., terra, 
the earth, terrestrUt belonging to the earth, and meridian^ see 
p. 8. 7 ij.y longitvkdOi length* 
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distant from the equator, they are said to be in 90** 
north or south latitude, the equator being latitude 0**- 
A place half-way between the pole and the equator, is 
in 45° north or south latitude and so on. But as any 
place the same distance from the equator, say 45°, is 
in the same latitude, it may be anywhere on a circle 
or parallel drawn 45° from the equator. To find the 
position of such a place, it is necessary to find where- 
abouts on that parallel the place is situated. This is 
determined by means of the longitude ; but in reckoning 
longitude, there is no position to start from, like 
the equator or the poles, as in the case of latitude, for 
one meridian does not difier from another. Hence a 
meridian passing through some well-known place is 
chosen, and is called 0" ; and places are said to be in 
ecut or west longitude, according as they lie east or 
west of that meridian. The meridian chosen by 
English geographers is that passing through the 
Observatory of Gbeenwich; and to ttiis we shall 
always refer in the following article. French geo- 
graphers reckon their longitude east ifp* west from 
Paris. If, then, the position of a plaoe^'fe said to be 
in latitude 45° north, and longitude 30** eagt,' its posi- 
tion is easily found., We have only to draw a circle 
parallel to the equator and 45** north of it, and a 
meridian 30° east of the meridian passing through 
Grreenwich ; and the position of the place required, is 
where the two lines cross. 

The greatest latitude a place can have, is 90°. The 
greatest longitude 180°; for if from 0°, we reckon 10°, 
20°, 30°, and so on, east and west, the meridians will 
meet in 180° on the opposite side of the earth ; tho 
meridian 180** being the continuation of meridian 0". 

The Method of Finding the Latitude.---In order 
to understand how latitude is found, the student must 
bear in mind that the ceUsUaL ^ jpole is the point in the 



^ L., celestU^ belonging to the heavens. 
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lieayens whicli the earih's axis would reach if pro- 
longed, and roxmd which the stars appear to revolve. 
The celestial equator is the circle in tho heavens which 
corresponds to the terrestrial eqnator, or,which would 
be described if the plane of the eqnator were pro- 
longed so far. The distance from the celestial pole to 
the celestial eqnator, like the distance from the ter- 
restrial pole to the terrestrial eqnator, is 90*. The 
point immediately overhead, is called the zenith} 

If the distance of the zenith from the celestial 
eqnator be measured, it, of ^course, gives in degrees 
the distance of the place of observation from the ter- 
restrial equator, that is, the latitude. The zenith can 
easily be found, for it is the spot to which a plumb' 
Unf^ points, but the celestial equator is not so easily 
ascertained. The distance of the zenith from the 
celestial pole will, however, be equally useful for the 
purpose, and the Pole-star enables it to be found 
readilv in northern latitudes. Suppose this distance 
be 30 , then as the pole is 90"* from the equator, we 
have only to take 30° from 90", and the remainder 60** 
gives us the latitude of the place. 

But the pole-star is not exactly at tho pole, so that 
it would cause an error in the observation, if that star 
were used as if it were at the pole. If, however, we 
measure the distance of the zenith from some star, 
whose distance from the pole is known, we shall avoid 
this source of error. Say the distance is found to be 
20*, and the known distance of the star from the true 
pole, be 10°, then we at once find the distance of the 
zenith from the pole, by adding 20° to 10°, that is 80° ; 
this taken from 90° gives 60° for the latitude as before. 

If the distance of any body, say the centre of the 
sun, from the celestial equator be known, the latitude 
can be readily ascertained. When the sun is on the 



^ See page 9 for meaning. ' L., phmbum, lead. A line 
with a weight, xunally of Uad, attaohed to it, and freely suspended. 
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meridian, that is at noon, we measnre the distance of 
its centre from the zenith : suppose this to be 4<0°, then 
knowing the distance of the sun's centre from the 
equator on that day, say 20"* ; this added to 40°, gives 
the latitude 60°. The position of the sun and the 
principal stars from the equator, or their dedvmtion} 
as it is called, is given in a work called the Nautical 
Almanac, which is published some years in advance. 

The instrument used in these observations is called 
a quadrant? consisting of a quarter of a circle 
marked into degrees, a plumb-line is attached to the 
instrument, and hangs parallel to one side of it 
when an observation is being taken, thus pointing to 
the zenith. A movable telescope is fixed upon the 
centre, and is directed towards the "object whose 
distance from the zenith is to be found, and the angle 
formed by the telescope with the plumb-line, is the 
same as that between the object and the zenith. 

At sea the plumb-Hne cannot be used, owing to the 
ship's motion; and observations are made with a 
sextant? which measures the distance of an object 
from the horizon. I^ow the distance of the zenith 
from the horizon, is 90° ; so that if we subtract the 
distance of the object from the horizon from 90°, it 

g* ves us the distance from the zenith, from which the 
titude is at once determined. 
The Method of Finding the Longitude. — This is 
a much more difl&cult problem than that of finding 
tiie latitude ; for, in the present case, we have no 
such determinate positions as the pole and the 
equator to which to refer. We have instead to find 
the distance in degrees from a meridian which has 
nothing to distinguish it from any other meridian. 



^ L., de, away from, and clinOj to bend. ^ Xj., quadram, 
from qmtuor, four. ' L., sextans ^ a sixth part ; bo called 
beeaose it oonsistB principally of a sixth part of a circle, or an 
are of 60**. 
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Suppose it to be noon at any place, say Green-wich; 
the son is at its greatest height in the heayens, and 
as the earth tarns towards the east, the snn appears to 
sink towards the west. If it were possible to travel 
westwards just as fast as the earth moves eastward, 
it is evident that we should keep continijally under 
the snn, or in perpetual noon-day, and in twenty- 
four hours^ should have travelled right ronnd the 
earth. It follows, then, that places east of Greenwich 
pass nnder the snn, or have noon earlier, and places 
westward later than at that place. On such a journey 
as the above we shonld have traversed one complete 
parallel of latitude, namely that of Greenwich. The 
whole circumference of the earth then (or 360) 
passes under the sun in twenty-four honrs, and one 
24th of 360°, or 15° in one hour. The diflTerence in 
time at two places at the same moment gives ns the 
nnmber of degrees of longitude they are apart, a 
difference of one hour corresponding to a difference 
of 15" in longitude, or four minutes to one degree. 

The prohlem^ of finding the longitude resolves 
itself into discovering a mode of ascertaining what 
time it is at Greenwich when it is a certain time, say 
noon, at the place of observation. To find the time 
of day at the place of observation, it is only necessary 
to observe the moment when the sun crosses the 
meridian, and that is 12 o'clock, or noon. Or if this 
cannot be done, as at sea, the latitude is first 
determined, and then the altitnde of the snn at any 
convenient time ; and the " Nantical Almanac " shows 
at what hour in a certain latitude on a given day, 
the sun acquires the altitude thus fonnd. 

The most difficult task yet remains, namely, to 
find what time it is at Greenwich when it is a certain 



^ More ezaoUy in 23 h. 56 m., the period of one revolution. 
3 Gr., prohlema, to throw before, or to pat forward; a 
question pat forward. 



CHAP. I.] ASTBONOMICAL RELATIONS. 



25 



time at the place of observatioii. For this pnrpose 
very beautifdlly made clocks, called chronometers} 
are used. These are set to exact Greenwich time, 
and being carried in the ship during the yoyage, the 
time is at once seen by referring to the chronometer. 
But however carefully and beautifully made, chro- 
nometers are liable to error; and a more certain 
method of finding Greenwich time is by what is 
known as the luna/r method, because the moon is most 
often observed for the purpose. The positions of the 
sun, the moon, and the planets, among the fixed stars 
is accurately known, and laid down in the wonderful 
book, the "Nautical Almanac," for every day and 
honr. From this book the navigator learns what is 
the exact Greenwich time for every position of those 
bodies; and when he has determined what is the 
position, by means of the sextant, he can with ease 
determine that time, and knowing the time where 
he is, or the local^ time, he at once deduces his 
longitude. 

There are many details which render the finding 
of latitude and longitude more complicated than is 
stated in the above sketch; but these have been 
omitted for the sake of clearness, and are unim- 
portant to the student of physical geography. 

^ Gr., chronoSf time, and metron, a xueasore. ' L., loew, 
a place. 
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CHAPTER II. 



THE LAND. 



Deflnitioxl. — That portion of the solid framework 
of the globe which is tineovered by water is called 
l<md. Li this chapter we shall consider it merely as 
it affects the physical geography of the present 
surface, leaving its geologic^ featores, that is, the 
nature of the rock masses which form the land, 
for the subject of a future volume of this series. 

Area and Distributioii of Land.— Of the 197 
millions of square miles that the sur&oe of the 
earth contains, only about 52 millions are occupied 
by land. These 52 millions are thus distributed : — 

Enrope 3| millions. 

Asia, with Polynesia. 21i „ 



The land is not distributed regularly and 
equably over the surface of the globe, but lies 
massed in the northern hemisphere, being found 
south of the equator only as the great peninsulas of 
South America and Southern Africa; and, as islands ; 
some of these latter, however, as Australia and Mada- 
I gascar, being very large. Europe, Asia, and Africa, 
I from being known, at least in part, to the ancients, 
j are called the Old World ; North and South America, 
which were only discovered in 1492 by Columbus,^ 
being named the New World. This is a very useful 



^ The New World was yisited by the Northmen before the 
time of Columbus. The name America is derived from Amerigo 
Yespnoci, a Florentine navigator, who visited that oontiaent 
with Hojeda, shortly after its discovery by Columbus. 



Africa . 
America 



12 
15 



It 



Total 



62 millions. 



CHAP, n.] 



THB LAND. 



27 



divisioii ; for the three contments composing the Old 
World are connected together, and form one great 
island, and the New World forms another, separated, 
however, from the other on the extreme east and 
west by only a few miles in Behring's Straits ; the 
plants and animals of the two worlds, and many of 
their other features, are also very different. 

The general distribution of the land is as follows: — 

North of the Equator— lAnd. . 39 million square miles. 

}» Water . 69 „ „ 

South of the Equator — Land . . 13 million square miles. 
»> ,) Water . 86 „ „ 

Total . . 197 „ „ 

In the northern hemisphere the extent of water is 
half as large again as the extent of the land (or as 
1^ : 1), and there is three times as much land as in 
the southern hemisphere. In the southern hemi- 
sphere the extent of the water is six-and-a-half times 
that of the land (or as 6^ : 1) ; and the water covers 
two-thirds more than in the opposite hemisphere. 

In order to divide the globe into two hemispheres, 
so as to obtain the greatest amount of land in one, 
and the greatest amount of water in the other, a spot 
in the St. George's Channel, midway between Pem- 
broke and Wexford must be taken as centre.^ In this 
case the Land Hemisphere includes all Europe and 
AMca, nearly all Asia, and about two-thirds of 
South America; while the Water Hemisphere in- 
cludes only Australia, the East India Islands, and the 
islands of Polynesia, the remainder of South America, 



^ London used to be considered as the centre of the Land 
Hemisphere ; but, bj the present arrangement, part of South 
America is transferred to the Land ; and a corresponding portion 
of the China Sea is added to the Water Hemisphere.— I>y«22, 
PriD. Oeol 10th Ed., vol i, p. 257. 
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the sontli polar land, and a very small portion of 
Asia. In the odo hemisphere the land and sea are 
almost exactly eqnal (as 1 : 1*106) ; in the other 
there is very nearly eight times as much water as 
land (as 1 : 7-988). Only one-thirteenth of the dry 
land has land opposite to it in the other hemisphere, 



Configuration^ (or ^liape) of the Land. — The great 
continent of Europe and Asia has it greatest hreadth 
in an east and west direction ; Africa and America, 
are longest from north to sonth. The great monii- 
tain chain in Europe and Asia, lies in the direction of 
the greatest length of the continent, that is east and 
west, and the same fact holds good for America, 
where the mountain range is from north to south ; 
Africa has no such mountain axis. There is a tend- 
ency in all land masses to assume the form of 
pyramids, with their vertices or points directed to- 
wards the south ; this is seen strikingly in the form 
of hoth North and South America, Africa, India, 
Malacca, Elamtchatka, Greenland, etc., and on a 
smaller scale in Scandinavia, Spain, Italy, and 
Greece. Almost the only exceptions to this are 
Denmark, one or two peninsulas in Siberia, and 
Yucatan, in Central America, which point towards 
the north. Another peculiarity in these pyramids 
and peninsulas is that they generally terminate 
abruptly in a gigantic rugged clilf, which is often the 
termination of a mountain range: thus Greenland 
is terminated by Cape Farewell ; America by Cape 
Horn, the last of the Andes ; Afnca by the Cape of 
Good Hope; India by Cape Comorin, the utmost 
limit of the Ghauts ; and so on. Again, many of these 
peninsulas have islands at their termination: Green- 



^ L., con, together and figuro, to form. 

* L., vertOt to torn. The top or turning point of a triangle. 
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land is an illustration of this, Italy has Sicily to the 
south, Greece the Archipelago, India has Ceylon, 
and other examples might be cited. It is worthy of 
remark that if the bed of the Atlantic were raised 
2000 feet, a peninsula pointing south, and having an 
island as its extremity, would be fonned between 
Africa and America. 

Another peculiarity in the general features of the 
land is the shape of tibe coast-lines on opposite sides 
of the same ocean, protuberances on one side corre- 
sponding with recesses on the other. This is re- 
markably the case with the Atlantic Ocean, where 
the irregularities in outline are so contrasted that if 
the New and Old Worlds were brought into contact 
they would fit like the pieces in a child's puzzle. In 
the case of the Pacific, this arrangement is not so 
striking, but is sufficiently so not to have afforded 
any obstacle to those philosophers who believed the 
land actually to have been so joined, and to have 
been forcibly torn asunder, and who have constructed 
maps showing ''the earth before the separation." In 
many cases the general form of the continents may 
be traced to the action of the ocean currents ; the 
Caribbean Sea and the Gulf of Meidco clearly owe 
their existence in some degree to the grinding effects 
of the equatorial current and the Gnlf Stream. The 
Gulf of Guinea is probably due to the action of the 
Sonth Atlantic and equatorial currents ; the coast of 
South America on the west side is hollowed out by 
the Peruvian current; and other instances will 
easily be seen on reference to a good map showing 
the course of these currents. 

Coast Lines. — The extent of the coast-line has a 
direct and most important influence on the commerce 
and, therefore, upon the civilisation of a country. 
Where the coast is varied in shape, hollowed out into 
bays or indented by great gulfs or rivers, a ready 
commimication with the interior can be established ; 
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but where it is Bimple in outline, and therefore of less 
extent, as in the case of Africa, the country is in a 
great degree closed to the influence of trade, and is 
left rude and uncivilised ages after more favoured 
districts have been opened up by the enterprise of 
commerce. The following table will show that 
Europe is the most favoured of all continents in this 
respect, North America comes next, then South 
America and Asia, and lastly Africa. In this table 
the first column gives the total length of the coast 
line, and the second shows the number of square 
miles of area to every mile of coast. The numbers 
given are taken from Herschel, Ansted, and Somer- 
ville; and, although differing among themselves, they 
all afford the same general result. 



Contineni. 


Coast-line. 


Proportion of 
coast-line to 
area. 


Authority. 


Enropa. 


20,000 
20,000 
17,000 


1 in 170 
1 187 
1 164 


Herschel. 

Ansted. 

SomerYille. 


Asia. 


33,000 
86,000 
33,000 


1 in 533 
1 „ 628 
1 „ 376 


Herschel. ' 
Ansted. ' 
Somerville. 


Africa. 


16,500 
16,250 
16,000 


1 in 420 
1 „ 438 
1 „ 530 


Herschel. 

Ansted. 

Somerville. 


N. America. 


28,000 
28,000 


1 in 260 
1 „ 266 


Herschel. 
Ansted. 


S. America. 


16,500 
16,000 


1 in 420 
1 „ 440 


Herschel. 
Ansted. 


N.&S. America. 


31,000 


1 in 359 


Somerville. 
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This gives roughly an average of between 400 and 
500 square miles of land to every mile of coast, for 
the entire surface of the globe. 

Elevation.^ — ^The mean elevation of a continent is 
the height above the sea that it would possess if the 
mountains and hills were levelled, and the valleys 
filled up, so at to reduce the whole to one even surface. 
In this supposed operation the mass of the mountains, 
stupendous as it may at first sight seem, really counts 
for but very little ; for the grandest mountain chain, 
spread over the continent in which it stands, would 
raise the general level only by a few feet. The Alps, 
spread equally over Europe, would raise the general 
level only 21 feet (^Humboldt) ; the Asiatic mountains 
would raise Asia 150 feet, according to Professor 
Anfjted. The following table shows the mean eleva- 
tion of the different continents, all of them es- 
timated by Humboldt, with the exception of A£nca, 
which is flio work of Herschel. 

Continent-^^WNjipB . . . Mean Elevation-^ 1342 feet. 

Asia , „ 3264 „ 

„ Africa . . . „ „ 1820 „ 

„ K. America • . „ „ 1496 

„ 8. America . . „ „ 2802 „ 

Slopes of Continents.— Mountain chains neverslope 
equally on both sides, the gentler slope being directed 
towards the longest slope of the country in which 
they are situate. Thus the Asiatic mountains gene- 
rally present steep faces towards the south, and gentler 
descents towards the north ; the American mountains 
are steepest on the western side of the chains, and 
fiill much less abruptly on the east. The chief slope 
of the Old World is towards the north ; in the New 
World it is towards the east. The following table 



^ h,f Qp, and levOf to raise. The height. 
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(abridged from HugW " Outiines ") gives rongUjT 
the lengths of the longer and shorter slope. 

Eastern Asia . . N.Slope 2,600 S.Slope . iOO 

Western Asia . . „ 900 „ . 80 

Central £nrope. . „ 450 „ . 100 

AfWca. .... „ 8,800 „ . 600 

Korth America . . E.Slope. 1,600 W.Slope. 800 

Central America . „ . 2,000 • 800 

South America . „ . 1,850 „ • 50 



A. MOUNTAINS. 

Mountains very seldom occur singly; their most 
usual arrangement is in rcmges or chavns, or, less 
frequently, in groups or knots. Their slopes are much 
less than is usually supposed, there being no case 
known of a mountain being anything like "per- 
pendicular still less do they approach to the " over- 
hanging " character so often described by travellers. 
" In the whole range of the Alps there is not a single 
rock which has 1600 feet of perpendicular height, or 
a vertical slope of 90°. The declivity of Mont Blanc 
towards the A116e Blanche, precipitous as it appears to 
be, does not amount to 45° ; and the mean inclination 
of the Peak of TenerifFe, according to Humboldt, is 
only 12° 30'. The Silla of Caraccas, which rises 
precipitously from the Caribbean Sea, at an angle of 
53° 28', to the height of between 6000 and 7000 feet, 
is a majestic instance of, perhaps the nearest approach 
to verfcicality of any great height yet known." — Mrs. 
Somerville. 

When mountains attain to more than a certain 
elevation, which varies with the latitude, their sum- 
mits are clothed with everlasting snow ; the lowest 
limit at which the snow remains nnmelted through 
the year is called the »noiv4im. This, and the effects 
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of monntains in modifying climate, and the peculiar 
distribution of life upon them, are treated of in sub- 
sequent chapters. 

Monntldii Systems.— Any chain or group of moun- 
tains with its offshoots is csdled a mountain system ; 
thus we speak of the mountain system of the Alps or 
of the Andes; and in some cases the name of a 
country is given, and we speak of the mountain sys- 
tems of Europe or of Italy. 

There are only two great mountain systems in the 
world, — (1) That in theOld World which runs from the 
East Cape in Siberia, west-south-west across Asia to 
Spain and Marocco, a distance of 9000 miles ; and 
(2) That which runs parallel with the west coast of 
America from within the Arctic Circle to Cape Horn, 
a distance of 10,000 miles. With the exception of 
the African and Australian ranges, all other mountain 
chains are ofi&hoots from one or other of the above 
systems. 

1. Old World System.— (a) Asia. The great moun- 
tain system of the Old World commences on the shores 
of Behring's Straits at the East Cape; and running at 
first almost due west, and then suddenly bending 
southward, about the 160th meridian, sends a branch 
into Kamtschatka. The main chain gradually bends 
B^ain westward, and continues its course through 
Siberia as the Aldan Mountams, sending a branch 
northward about long. 140°, and another southwards 
in long. 130°, which bends round Manchouria, cling- 
ing to the coast. The whole of this great region is 
almost unknown to travellers, and it is only when 
we get forther west that we enter a region §omewhat 
better known to Europeans. This western continua- 
tion is the great range of the Altai Mmntains, which 
Varies in breadth from 400 to 1000 miles, and nowhere 
appears to attain to more than about 10,000 feet in 
altitude, a height very inconsiderable as compared 
irith its great length. Easing on the banks of the 
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Irtish, this range may be considered as the principal 
axis, and the mountains above described its eastern 
continuation, being known by different names — Aldm, 
Ydbloni, etc., — ^in different portions of its length. 

Bonghly parallel, and to some extent dependent 
npon the Altai Range, are three ranges ; namely, (1) 
The Thicm-shoAfi^ which lies north of the great desert 
of Gobi or Scha-mo. (2) The Kuen-lvn^ which forms 
the southern boundary of the above desert; and 
(3) The HimaZaya, the highest range in the world, 
separating Hindostan from Thibet. The highest 
peak, Gaurisaukery or Mount Everest^ is 29,002 ieet 
above the level of the sea (more than 6^ miles). This 
range is some 2800 miles long, and is divided into 
three parts, called the " outer," the " inner," and the 
"trans" Himalaya. The central portion, or mid- 
Himalaya, contains the loftiest peaks, and its average 
height is about 16,000 feet, or about that of Mont 
Blanc, the highest European mountain ; and there are 
said to be forty peaks whose altitudes are greater than 
that of the mightiest of the Andes in South America. 

The Himalayas are joined on the west to the Hindoo 
Gooch, or Koosh mountains, which traverse the 
north of Afghanistan and Persia. The highest peak 
is over 20,000 feet above the sea. Still continuing 
westward, the Hindoo Koosh runs into the mountains 
of ETbruZy whose highest point is Demouvend, (21,600 
feet), and bending round Armenia, is prolonged into 
the Anti-Tcmrus range, which, with the Gaucdsus to 
the north, and the Taurus to the south, connect the 
mountain system of Asia with that of Europe. 

The Taurus and Anti-Taurus ranges both start 
from near Mount Argceus in Armenia, 13,197 feet in 
height. The southern, or Taurus proper, runs first 
southward, then westerly to the coast of the Mediter- 
ranean. The northern, or Anii-Tam^is range, skirts 
the table-land of Asia Minor on the north^ and is 
eontiiiued into the BaOcm mountains of Europe. 
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The Ocmeasus forms tlie boundary of Asia and 
Enrope, between the Black Sea and the Caspian, a 
distance of 700 miles. Its highest point is Moxint 
Elbruz, in Georgia, which is 18,626 feet. Besides 
this peak, several others attain to a higher elevation 
than the Alps; Kosclitanta/n being 17,096 feet high; 
Dychtcm, 16,925 feet; Kaeheh, 16,546; and several 
oiliers exceed 16,000 feet in altitude. 

We have thus traced the great mountain system 
across the continent of Asia to its junction with, or 
rather continuation intO; the European system. The 
higher mountains throughout the range have their 
summits buried beneath eternal snow, and give rise to 
glaciers, as will be described further on. 

Several minor ranges exist in Asia which have not 
been noticed above. The principal are those of 
Arabia, Hindostan, and Further India. 

Commencing in Syria, a range of mountains runs 
southward to the Gulf of Suez, and fiien keeps 
parallel with the Bed Sea coast through its entire 
length. It is of no great elevation; the highest 
points being Mount Sermon, Mount 8ma% and Horeby 
which ea^ respectively 9376, 7413, and 8593 feet. 
The small range of Lebanon attains the height of 
10,050 feet in Dahr-d-Khotib. 

The secondary ranges of Hindostan are three in 
number — (1) The Eastern Ohauts; (2) the Western 
Ghauts ; (3) the Vindyha Mountams. The Qhcmts run 
parallel to the coast, and have a mean, elevation of 
from 3000 to 4000 feet; some few points in the 
Western Ghauts being as much as 8000 feet. GDhe 
VmdyJia range lies to the north of the Deccan, and 
runs in an east-north-east direction. Its average 
height is about 3000 feet. 

Binnah, Siam, Malaya contain ranges of mountains 
which seem to be branches from the Himalayan 
and Chinese ranges. The chief range is on the west 
8id0y and is known by the name of the Araecm Maun- 
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tatfiB; it reaches the height of 6000 to&L The 
monntaiiis of Siam, which though not yerj high are 
still bold, are connected with the Aracan range : their 
height may be taken at from 5000 to 6000 feet. 

None of these secondary ranges are snffidenilj 
high to reach the snow-line. 

(h) Europe. — The mountain system of Europe is 
! connected with that of Asia by the ranges of the 
> Caucasus and the Taurus ; the former connecting itself 
with the Carpathiwn^ the latter more directly with 
the Balkcm mountains. 

The western portion of the Carpatkum chab, 
near the mouth of the river Danube, is called the 
Trcmsyhanian range, and is much lower than the 
true Ca/rpathiomSf which form a kind of loop round 
Hungary. This main range is peculiar in haying 
some of its higest peaks grouped upon one enormous 
mountain, Mount Tatra^ which is 50 miles long in an 
east and west direction, and 30 miles broad from 
north to south. Its average height is about 7000 
feet; its highest point is 8524 feet. Besides these 
the Csalic PeaJc rises to 8314 feet, and the Lomnizt 
Peak to 8799 feet. The highest point of the range 
does not, however, belong to this remarkable group, 
which is situated in the west^ but lies in the Eastern 
Carpathians ; it reaches the elevation of 9912 feet, 
and is called Busha Joyana. 

The Balkcm. range is connected with the Oar- 
pathians, lying towards the north, by a series of 
mountain ridges, which are cleft by the river 
Danube; the ravine or gorge so formed is called 
the Iron Gate, Three chains of mountains go to 
form the Balkan; two of them have a south-easterly 
direction towards Constantinople, while the third 
takes a more southerly route, and is prolonged 
through Greece as the Fmdris. A characteristic 
feature of the Balkan is its being broken by numerous 
fiasmeB or ravines extremely de^ and narrowi whose 
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gloom;^ beds form ike best roads of iihe country. 
The lughest point is Mount Quiona^ in Gbreece, 8289 
feet ; Mount Pa/masms is 8068 feet. 

The term Alps^ is applied not merely to that 
particnlar range which, commencing in Italy near 
the Gnlf of Gienoa, runs throngh Switzerland and 
terminates in the Tyrol, comprising within its conrse 
the highest monn^ins of Europe; bnt also to a 
number of other chains branching off in varions 
directions, the Balkan itself being sometimes called 
the Eastern Alps. The western continuation of the 
Balkan is by the Dinaric Alps, reaching, in Mount 
DinarOy the height of 5670 feet ; and passing through 
Dalmatia it receives the names of Julian Alps, ter- 
minating in Movmt TergUni, 9343 feet in height; 
thence, to its junction with the main chain of the 
Higher Alps^ it is known as the GamicAlps, Dreiherren 
Bpitss^ 10,122 feet, being the highest point. The 
Great OlocJcner, 12,957 feet, is the point where the 
Higher, the Comic and the Noric Alps meet. These 
last form a continuation of the Higher Alps, and run 
in the direction of Vienna. None of these secondary 
branches of the Alps are covered with snow the 
whole year round. 

It is to the Higher Alps that the term Alps 
is usually applied. Commencing at Cape DeUe 
Melle on the Gulf of Genoa, it runs in a north- 
westerly direction towards Mount Blanc, and then 
turning east-north-east terminates in the Great 
Glockner (Qrossglochner), after a circuit of some 420 
miles. This range is very lofty throughout the whole 
of its extent ; but the principal peaks are situated in 
a district only about sixty miles in length, which 
contains Mont Blcmc, 15,784 feet; Monte Bosa^ 



^ Sftid to be so named from the nunerons feeding gromids, or 
dlp$, they contain. Alp is, howoTor, the GtwHio for a mountain. 
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15,217 feet; Mont Cervin, or the Matterhom, 14,706; 
Grand Oomhiny 14,164 feet, and many other extremely 
high mountains. Much of this range is above the 
snow-line. ^ An important branch, called the Maritime 
Alps, runs along the Mediterranean coast joining the 
Apmnines, which traverse Italy from north to south, 
and are also an offshoot from the Alps. In the 
province of Calabria the chain spUts into two 
branches, one ending on the Gulf of Taranto, the 
other continued to the extreme south of the penin- 
sula and across the Straits of Messina into Sicily. 
Tho total length is about 800 miles. The highest 
point is Monte Oomo, 10,206 feet, near the middle of 
the chain. None of the peaks reach the snow-line.* 

The westerly extension of the Carpathians is by 
the Sudetes, which rise from near the river Oder, 
and run round Bohemia for 300 miles. The Hyrcaman 
mountains are a more important range, and start 
from the confines of Bohemia and Bavaria, running 
through central Germany to the river Rhine. The 
highest points of the range reach some 5000 feet 
above the sea. 

The Pyrenees form the south-western termination 
in Europe of the great system of the Old World. 
They are separated from the Alps by the Plain 
of Languedoc, and stretch from the Mediterranean 
to the Bay of Biscay, a distance of 240 miles. 
They are very precipitous, especially on the French 
side ; and 6heir summits are clothed with perpetual 
snow, feeding numerous glaciers, which, however, fall 
far short of those of the Alps in point of size. The 
mean height is about 7000 feet, and its loftiest 
point is the Maladetta, or Nethou, 11,170 feet above 



^ Other portions are known as the Leopontine, Oottian,BemeBe, 
Ghraian, Pennine, Bhetian, HeWetian, and Julian Alps. 
^ StoA, in Sicily, only exeepted. 
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the sea. Spurs or branches shoot off from the main 
range as far the river Ebro. 

Detached Momdain Ranges of Europe. — There are 
several detached ranges of mountains in Europe, the 
principal of which are the (1) Ural, the (2) Scandi- 
navicm and Britishy the (8) French, and the (4) 
Spanish mountains, 

(1) The Ural Mountains form the boundary between 
Europe and Asia on the east, and extend more or less 
from the Sea of Aral to the Polar Sea ; but south of 
the river Ural the elevation is so slight as scarcely to 
merit the name of mountain. Even the central 
portions slope so gently that they appear to be little 
more than xmdulations in the plain. To the north 
they assume a more mountainous character, rising to 
from 6000 to 7000 feet. 

(2) The Sccmdinamcm Mountains run through Nor- 
way and Sweden, from north to south, a distance 
of 900 miles. They consist of the NorrsJca Fjellen 
{Norwegian range) and the Kjolen. The latter lies to 
ttie north, and is about 600 miles long, and though 
not so elevated generally as the Norrska Fjellen, 
rises to 6200 feet in Sulitelma. The former lying to 
the south, is about 400 miles in length, and contains 
the highest points in the group, a huge mountain, 
the Dovre Fjeld, forms a great plateau,^ out of which 
Bneehatt&n, 7620 feet high, rises, the highest in the 
chain. 

The mountains of Orkney, Shetland, and Scotland, 
seem to form the southern continuation of the Scan- 
dinavian system. The highest mountain is B&n Nevis,^ 
4406 feet ; then B&n Mac Bhui, 4296 feet ; and Cairn' 
touly in Aberdeenshire, 4285 feet ; no other mountain 



^ French, plateau, literally, a large flat dish. A plain, ap- 
plied only to elevated plains or table-lands, 

3 Ben Omachan^ in Ar^Ushire, is said by some to be nearly 
5000 ibet. 
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in the BritisH Islands reaches the elevation of 4000 
feet. The Scotch mountains are continued into Eng- 
land by the Pennine chain, the highest mountain 
being Eehellyn, 3313 feet ; Skiddaw reaches 3038 feet 
The mountains of Wales attain the elevation of 3000 
feet in several peaks; Snotodon^ the highest, is 3590 
feet ; 0am Llewellyn, 3471 feet. The mghest moun- 
tains of Ireland are in the south-west, in Counl^ 
Klerry, where Oarrcm Tual forms the highest pea&^ 
being 3412 feet high. 

(3) French Mountains, — ^The principal detached 
mountains of France are the Auvergne mountains, a 
fine group of extinct ^ volcanoes rising to -over 6000 
feet; and the Oevewnes, lying more to the east, and 
stretching to the river Rhone. They are not so high 
as the mountains of Auvergne. 

(4) Spamsh Momitains, — Spain is remarkable from 
possessing several detached mountain-chains, whidb, 
though not of great length, attain very considerable 
elevations. From their peculiarly jagged and saw- 
like appearance, they are called " Sierras,** from a 
Spanish word, meaning a saw. TKq , Sierra N&oada 
the principal chain ; the highest peak is Mulahaqevi, 
11,423 feet. The Sierra Morena runs parallel with 
the Nevada chain, but lies further north. The 
Sierra Estrella reaches over 7000 feet in altitude, 
and, with several other chains, lies between the 
Sierra Nevada and the Pyrenees. 

(c) AfjBICA. — There is in the continent of Africa no 
system of mountains trending in a given direction, 
such as we find in Asia and Europe; but the 
mountain system of the north is important, as 
forming a part of the great Old World system, 
described as running in a south-westerly direction. 



^ Latin, ex, out, ttincUu, qnenohed, or dead; heie used to 
distingoiflh from active voloiinoes. 
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and thus connecting itself with the other two conti- 
nents. 

The AUas range stretches from Tunis, on the 
Mediterranean, to Cape Geer, on the Atlantic. The 
general trend is from east-north-east to west-sonth- 
west, or the same as the other portion of the Old 
World system. It is somewhat vaguely divided 
into three portions, called the Qreater^ the Lesser, 
and the Middle Atlas. The Greater Atlas lies furthest 
inland ; and, as its name implies, is the main portion 
of the range. Its loftiest peak, Moii/nt Atlas, in 
Marocco, is 11,400 feet. A branch of the Lesser 
Atlas runs out to Geuta, opposite Gibraltar, thus 
connecting the Atlas group with the mountains of 
Spain. 

A more or less connected range of mountains runs 
roughly parallel with the east coast of Africa, sendiog 
up peaks 10,000 feet high. These mountains are 
connected with those of Abyssinia and Nubia, wbich 
attain in the former country to an elevation of 15,000 
feet ; Abha Jarrat being 15,088 feet. 

Along the west coast a series of mountaia ranges 
occur, commencing in Senegambia, and reaching 
almost to the Tropic of Capricorn. It is not certain 
whether they belong to one continuous range. They 
rise occasionally to great heights, and form in all 
c^es fine bold scenery. Their highest peaks arc 
estimated at about 13,000 feet. 

Becent discoveries have determined the existence 
of at least one great range running across Central 
AMca, and rising above the snow-Une. It seems to 
be connected with the mountains of Abyssinia, and, 
perhaps, also with those of the west coast. The 
highest point, at all satisfactorily made out, is Kilu 
mamrjan'O, partly ascended by Von Decken, and by 
him estimated at 20,000 feet. 

From the Cape of Gk)od Hope eastwards to the 
river Zambesi, a range of bold mountarns runs. 
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Like so many of the African ranges (as ibe Abys- 
sinian and Equatorial mountains), they are cleft and 
torn by ravines, often extremely long, narrow, and 
deep. Westwards the range is continued to the 
Orange Biver, but not on so grand a scale ; eastward! 
it runs towards and may join ihe East Jifxifsm 
range. 

2. New World System. — The mountain system of 
the New World is far simpler than that just described. 
It consists of one majestic range following th^ 
Pacific coast-line from the Arctic to the Antarctic 
Ocean, a length something under 10,000 miles. 
Though continuous, this great chain falls naturally ' 
into three divisions, each possessing its own pe- 
culiarities, the Eochy Mountams, the Mexican Andes 
in Central Am erica, and the Cordillera, of tjie 4-V^G8^ 
in the south. ** Though simple in its main features, 
it is complex in its details, consisting of two or 
more chief axes. Towards the north these are 
rather widely separated, and only at a few points do 
the ridges culminate to peaks above 10,000 feet in 
height. In the central part there are very exten- 
sive, lofty plateaux, not always bounded on both 
sides by mountains. The southern division . . . 
is double throughout, and projects spurs to the east." 
— {Ansted,) 

(a) North America. — Basing from the Arctic 
Ocean as a range of but slight elevation, the BocJcy 
Mountains gradually increase in size towards the 
south; and about latitude 62° reach the height of 
15,000 feet in Mount Hooker^ 15,789 feet in Mount 
Murchisonj and 16,000 feet in Mount Brovm, A 
chain runs parallel to the main ridge some distance 
to the east; but in latitude 42° the two chains are 
united by a knot, called the Snowy Mountains. The 
most important of the secondary chains runs close to 
ibe ooast| and in it is found the highest mountain in 
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North America, Mount EUaSy 17,850 feet. It lies 
at the extreme north of the range. The Rooky 
Mountains end at the Hio del Norte, in latitude 29°. 

(ft) Central America. — The Mexican Andes are 
not qnite continuous with the Rocky Mountains, 
but do not differ in any important feature from 
them. There are two ridges, of no great height, 
seldom exceeding 2000 feet, and inclosing the 
great plain of Mexico. SoutJi of this, in Central 
America proper, the mountains are much loftier, 
rising to 10,000 feet, and are continued into South 
America. 

(c) South America. — The Gordillera of the Andes 
has been thus divided : — 

1. Andes of Hew Granada') tj^^xi,^^ a«^«« 
S. „ Eenador j Northern Andes. 

llZlr^r ] Central Andes. 

5. ChiHan „ j Sontiiem Andes. 



6. Pata^nlan MonntainB 



Gfenerally speaking, the Andes consist of a double or 
treble chain, of which that nearest the coast is the 
highest. They are extremely lofty throughout, and 
rising so directly from the sea, are really the largest 
mountains in the world. The Himalayas readi a 
greater elevation, it is true, but they rise not from 
ike sea, but from an elevated table-land. The greatest 
elevation is attained in Peru and Bolivia, where 
many peaks rise to over 20,000 feet; in New 
Granada ;wid Chili many summits are found over 
16,000 fet<t. In Patagonia the range runs for a 
thousand loiles close to the coast; and rapidly 
diminishing in altitude, till the mean height is not 
much above 6000 feet, they at length terminate 
abruptly in Cape Horn at ^e utmost extremity of 
Soatii America. The Andes form a grand centre of 
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Toloanic action, many of the highest peaks being 
active volcanoes. 

Detached Banges.— The chief secondary range of 
North America is that of the Alhghcmy or Appctta- 
chian Matmtams^ which mn parallel with the Atlantic 
coast. It consists of two or three parallel ridges, 
which, commencing in Alabama in the sonth, are 
continued right through the States to the banks of 
the St. Lawrence, taking various names in different 
parts. The range is not lofty, averaging about 8000 
feet, but rising to 6,400 in North Carolina and New 
Hampshire. 

Two ranges occur in Brazil, running parallel with 
the coast, as in North America. The Sierra do 
Mary or "coast mountains," are nowhere distant 
more than twenty miles from the ocean; and 
from their picturesque shape, and ilie richness of 
the vegetation with which they are clothed, produce 
scenery of -the most lovely and varied description. 
The more inland chain, that of EspinhagOf attains 
a greater height than the coast-range. Itambe in 
this range, 8426 feet, is the highest mountain in 
Brazil. The Sierra dos Vertentes, runs across the 
country from east to west, reaching no greater eleva- 
tion than 3,500 feet above the sea. It is singular as 
forming, with the mountains on the coast of Venezuela 
and Parima, the only exception to the meridional 
direction of the mountain chains in America. 

The following table may be useful in showing the 
relation of the highest peaks in America. 

NoBTH America. 

BocJcy Mountams, 

Position. Height In 

Monnt St. EUas . lat. 60<' 20' ; in ooftst range 17,850 

Monnt Fairweather lat. 59** 2^ ; do 14,788 

Monnt Brown . . lat. 62^, in Bod^ Mountains 16,000 

Uonnt Hooker . . Do. do. 15,700 

Moimt WUtnqr . SnofryMoiuitainB. • . • 15,000 
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AUegJumies. 

Xoimt Wasliingtoii New Hampshire • • . ; 6,428 

Otter Peak . . . Yirginia 4,26( 

Oeittbal America, with Mexioo. 

Bopoeatapetl (t;) • Mexioo; lat. IS*' . • • . 17,717 

OrkuOuk (v) . . . Do. ; Ut IS*' 17,374 

Pii«go(v), . • . Guatemala 13,930 

Txtma (v) • • • • Costa Bica 11,480 

South America. 
Andes, 

Tolimft(«) . • . New Granada ; 18,020 

Gotopaii («) • • • Ecuador 18,755 

Cf^yamhe • . • • Do. 19,585 

ChimlMnuBO ... Do. 21,424 

Ancohnma • . . Bolivia 24,286 

IDimaiii .... Do 24,200 

Aeoileagna . ... Chili 28,910? 

■omtt Stokes . • Patagonia ; 6,400 

Mount Sanniento • Tierra del Faego .... 6,900 

BraziUcm Mountains, 

Ztfunhe • • . • Brazil 8,426? 

Itaoolnmi. ... lat. 20** 8 5,710 



Mountains marked (v) are Volcanoes. 

8. Alurtralia and New Zealand. The only im- 
portant chain of monntaiiis in Australia, mns parallel 
with the east coast. It is of an extremely ragged 
character, the spurs being described as "ternfic," and 
the gnllies which separate them as " dark and almost 
subterraneous," making the range an impassable 
barrier. It does not, however, attain any great 
height; averaging only some 3,000 feet. Mount 
KoseiuakOf the highest point, is 7285 feet high. The 
range is called by different names in various parts, 
the chief being the Blue Mountains, in which Mount 
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Kosciusko is situated. In New Zealand, there is a 
lofty range parallel with the Australian mountains 
above described, rising in North Island to nearly 
10,000 feet; but reaching its greatest elevation in 
South Island, where Mount Cook stands 13,200 feet 
above the sea, and Mou7it Tyndall 1 1,000. The sum- 
mits of these mountains ai*e buried in eternal snow, 
and give rise to large glaciers ; numerous volcanoes 
also occur in this range, which is known as the 
Southern Alps, 

(4) Isolated^ Mountains. Under this head may be 
classed such mountains as are entirely disconnected 
from any of the great mnges. They are necessarily 
situated upon oceanic islands, except, perhaps, Mounts 
Erebus and Terror, terrific piles of rock, which, rising 
to 12,367 and 13,884 feet respectively, illuminate with 
hideous light the grim solitudes of the ice-bound 
Antarctic Continent. In the Sandwich Islands, in 
Hawaii, the twin- volcanoes of Mauna Kea and Mamia 
Loa frown upon the trembling sea, from the stupen- 
dous heights of 13,953 and 13,700 feet. The island 
groups off the West Coast of Airica are mountainous ; 
but they belong to the system of that continent, The 
highest is the Peak of Tenenffe 12,205 feet high. 

Mil. lis. I KuHOPK. I As^iTA, I ■ . • I v ' ' j.AHna, 




l!'ia. 3. DiAa&iM OF Chief Mountains. 



The above diagram shows the relative heights of 



1 It., Uola, an IslftQd. By itself ; det^eheSi like att IslMid. 
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3i few of the principal tnountain peaks. The horizontal 
lines liiark idtitudes of one mile each. The moun- 
tains represented are 



Europe. 



1. Mont Blanc 
a. Pie dd ITethoa 
Z. Etna . . . 

4. Monte Corno 

5. EngkaJoTana 

6. Gniona . • 

7. ImesiQeld. • 

8. BenlTeyis • 

9. Snowdon . . 

10. Sdvellyn . 

11. CarranTual. 



in the Alps. 

„ the Pyrenees* 

„ Sicily. 

„ the Apennines. 

„ the Carpathians. 

„ Greece. 

„ Norway. 

„ Scotland. 

„ Wales. 

„ England. 

,, Ireland. 



Asu. 



1. Ganrisauker . «... in the Himalayas. 

2. Bemavend „ Persia. 

8. Elbrus. „ the Cancasns. 

4. Dahr-d-Khotib . • . • „ Lebanon. 

5. Sinai • • n Arabia. 



Africa. 



1. Xilmandjaxo . . 

2. Abba Jarat . . 
8. Honnt Atlas. • 
4. Table Mountain 



in Equatorial AMca. 
„ Abyssinia. 
Marvno. 

Oape of Good Hopa 



America. 



1. mimani .... 

2. Cothopazi. ^ . . 

3. Mount St. Elias . . 

4. Mount Fairweather . 



Islands. 



1. Mauna Kea • • 

2. Terror . . , 

3. Mount Ciook • • 

4. Teneriffe . . . 

5. Mount Wellington 

6. Ben Lonunid • 



in New Granada. 
„ Ecuador. 
„ Rocky Mountains. 
„ Booky Mountains. 



in Sandwich Isles. 
„ Antarctic Lands. 
„ New Zealand. 

Canary Isles* 
f, Australia, 
n Tasmania. 
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B. PLAIN8. 

Plains are generally considered to be of two kinds: 
(1) Elevated Plains^ and (2) Low Plains; the former 
are also known as Plateaux^ or Table-lands. There 
is no essential difference between the two ; the £a.ct 
of their occurring at different elevations being purely 
accidental, and not causing any difference in their 
character, except so far as climate is concerned. The 
peculiar features of plains depend upon their geolo- 
gical character, the latitude in which they occur, and 
their relation to the mountain-chains. Generally 
speaking, plains are the most fertile portions of a 
country, but they may also be arid sandy deserts ; 
all that is necessary to constitute a plain being a 
more or less level tract of land. ' In different parts 
of the world the plains receive various names, under 
which they will be considered further on. 

1. Plateaux or Table-lands, (a) Eueopb. — ^The. 
plateaux of Europe do not constitute a very important 
feature of the continent. The largest lies in the east, 
and separates the low-plains of Central from those of 
Northern Eussia. Its length is about 1500 miles, 
and its breadth varies from 60 to 200 miles. The 
Oar^athiam, plateau, lying to the south of the above, 
is much snwJler in size. It is situated between the 
great German (low) plain and the steppes of Russia. 

The plateaux of Spain, though not so large, lie at 
greater elevations than those of north-eastern Europe, 
ranging from 2000 to 3000 feet above the sea. The 
central plateau is flanked by moimtains on all sides, 
and the ranges of the Sierras Nevada^ Morena, 
Guadarama, rise out of it, and break the general 
level. This plateau extends into Portugal, and 
contains 100,000 square miles of area. 

France possesses some small plateaux, both in the 
north and in the south; but they are irregular in 



^ Yreuct, plaUau, plvanX plaUaux, a large flat dish, a table-land. 
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ontline and elevation, and moderate in extent and 
altitude. 

(5) Asia.— It is in Asia that we find the grandest 
plat^nz — grand alike in elevation and extent, stretch- 
ing from the Mediterranean to the Pacific, maintain- 
ing over thousands of square miles an elevation 
greater than the average height of the Alps. 

In the west the table-lands of Arabia and Persia 
cover an area of 4,000,000 square miles, varying 
from 8000 to 7000 feet above the sea. Then come 
the plateaux of Armenia ; and so going east, right up 
to the Hindoo Koosh, one continuous stretch of 
desert table-land forms the western portion of the 
great Asiatic plateau. 

East of the Hindoo Koosh and the Solimaun 
range we enter upon the eastern portion of the great 
plateau, which reaches its greatest height in Tibet, 
where it lies from 16,000 to 17,000 feet above the 
sea. The central portion is much less elevated, being 
only from 4000 to 6000 feet high. In this region lie 
the vast deserts of Chhi^ Scha-mOy Scha-ho, and 
Hcmcdy to the north of Tibet, running in a north-north- 
east direction through Mongolia, almost to the Pacific 
Ocean. Several high ranges of mountains rise out 
of this plateau, the chief being the Kum-hm, The 
Himalayas may also be considered as belonging to 
the plateau, rather than as a distinct range fike the 
Thiiai-«han mountains ; for they rise directly from it 
on the north, and descend into its continuation, the 
plateau of Northern India, on the south. 

(c) Africa. — ^A great table-land eictends from Abys- 
9nia and Senegambia southwards to the extremity of 
the continent. It is not of very great elevation, being 
in its northern portions some 3000 to 4000 feet above 
the sea. Upon this table-land, close to the equator, 
are situated the great lakes known as the Albert and 
Victoria ITyanzas^ which give rise to the White 
Nile, and Lake Twngmyika^ dippoye^d by l^i^* 
Livingstone. IB 
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(d) North Amebioa. — The chief plateau of North 
America is called the Great Basin, and, lying between 
the parallel ranges of the Sierra Nevada and the 
Bocl^ Monntains, extends from Mexico and GaH- 
f omia to what was tiQ lately Bnssian America. Its 
mean elevation is estimated at 6000 feet, and it is 
mostly volcanic, with many salt lakes. The length 
is abont 2000 miles, while the breadth in no case 
exceeds 600 miles. In the north and north-east, ^ 
plateanx of no great elevation occur; and on the ' 
eastern slope of l£e Bocky Mountains a succession of 
slightly elevated plains slope down to the Mississippi. 

(e) Gentbal America contains the great plateaa 
of Mexico or Anahuac, and the important hint less 
extensive table-lands of Guatemala and Honduras. 
The Mexican table-land is bounded by mountains, 
and ranges also rise from its surface ; but where not 
thus interrupted, the surface is perfectly level, so 
that a carriage road of more than a thousand miles 
northward from the city of Mexico is either over a 
dead level or gentle undulations." Here we find the 
greatest known extent of uninterrupted table-land, a 
distance of over 1600 miles of almost dead level. Its 
elevation is comparatively small, ranging from 8000 
to 7000 feet above the sea. 

The plateau of Guatemala is 5000 feet above the 
sea. It is well wooded and covered with verdure. 
The mountains which rise from it are volcanic, and 
the country is described as being surpassingly 
beautiful. 

(/) South America. — The plateaux of this conti- 
nent are for the most part of limited extent, but of 
great height. The Desaguadero is the principal one, 
lying high up among the tops of the Andes, and being 
some 500 miles long, and from 30 to 60 miles wide. 
Upon it Potosi, the liighest city in the world, stands, 
and Lake Titi9aca, probably the most elevated sheet 
of water. Its elevation is about 13,000 feet. The 
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platean of Qmto, 200 miles by 30, with the city of 
Quito, 9543 feet high, is also remarkable. It is on 
these plateaux of Bolivia and Fern that the greatest 
difference in the temperatare of day and night is 
found ; the days being excessively hot, and the nights 
intensely cold. 

(g) AusTBALU. — ^Too little is known of the interior 
of this great island to enable us to trace its physical 
features with any degree of accuracy. The country 
in the north seems to consist of a plateau; and the 
neighbourhood of the coast generally assumes this 
character, the land sloping inwards on every side, a 
feature presented by no otiber large extent of land. 

Slevation, — The height of some of the chief table- 
lands, is given in the following table, compiled by 
Humboldt for the most part. 



Name. 
Plateau of Auvergne 
Bavaria. • . 
CSaatiUe. . . 
Myson . . . 
Caracas . . . 
Victoria Kyanza 
Pbpayan . . 
Leiod Trana 
Orange Siver . 
Axam . • . 
Mexico . . . 
Onlto . . . 
Delos Fastos . 
Etfltem Tibet. 
Lake Titicaca . 
Besagnardero . 
Bavanabrada . 



Height in feet. 

.1,087 . 

1,663 . 

2,239 . 

2,942 . 

3,070 . 

3,308 . 

6,766 . 

6,076 . 

6,395 . 

7,034 . 

7,483 . 

9,628 . 

10,231 . 

12,000 . 

12,853 . 

13,000 . 

15,000 . 



Where Situated. 
France 
Germany 
Spain 
India 
Venezuela 
Central Africa 
New Granada 
Abyssinia 
South Africa 
Abyssinia 
Central America 
Andes 

Tibet 

Bolivia 

Andes 

Eastern Asia 



2. Iiow-plaiiis. Very different in point of import- 
aoce are the low-plains from those we have jnst been 
eonsidering. In the plateanx \mt few are of snch a 
character as to be useful to man, or even to support 
a oiyilised state of society; while it is in the low- 
plams, which form the greater part of the inhabited 



52 



PHYSICAL GEOGBAFHT. [CHAP. n. 



land, that the richest pastures and the wealthiest 
cities are found. It must not be considered that they 
possess any marked difference from table-lands ; for 
there are plains, such as the steppes of South 
America, intermediate in character, and which may, 
with ahnost efqual propriety, be classed with either.^ 
Generally speaking, plains rise gently from the sea, 
and rise but to moderate elevations, while plateaux 
rise abruptly and lie at considerable heights above 
the sea-level. Low-plains are either quite flat, gently 
undulating, or dotted over with hills and cut up by 
ravines. 

The northern part of the Old World is one 
immense plain, stretching from Belgium, Holland, 
etc., to the Oural Mountains, and thence across 
Siberia to the Pacific Ocean, with but one impor- 
tant interruption in the northerly offset of the 
Aldan Mountains. This is known as the Great North 
Plain. It receives various names in different parts 
of its area, under which its several features will be 
described. 

(a) Europe. — ^In Europe the great plain is divided 
into two parts, each possessing distinguishing features; 
(1) the portion including Belgium, Holland, and 
North Germany, as far as the River Vistula, and 
known, at least in the German portion, as the 
Landes ; and (2) the Sourrmtiam, Flain, extending 
from the River Vistula to the Oural Mountains. 

1. Heaths amd Lmdes. — The country included in 
this division consists for the most part of low-lying 
sandy tracts, in places extremely sterile, as between 
the rivers Elbe and Weser, interspersed with heaths, 
marshes, and occasional pine woods. Its western 
portion, Holland, etc., lies at or below ^the sea level, 
and is brought to a high state of culture, being pro- 
tected from the sea by banks or dykes, Tdiich owe 
their fimmess to the peculiar sand-weed (Arenaria)^ 
which binds the loose particles together with their 
^i^h £bronB roots. 



CHAP, n.] 



THB LAND. 



53 



2. SarmaUo/n^ Flam. — This plain extends from tlie 
Baltic to the Black and Caspian Seas, and to the 
Onral Monntains, the Valdai Monntains alone breaking 
its continnity. It may conveniently be divided into 
three portions, each haviog its own pecnliarities : (a) 
The Northern, (Jb) the Middle, (c) the Sonthem 
Divisions. 

(a) The Northern DwUion extends from the Baltic 
northwards to the Arctic Ocean, and inclndes all the 
country to the north of the Valdai, and as far sonth 
as the middle of the Onrals. Mnch of it consists of 
marsh-land, and immense tracts are covered by peat, 
called Timdra^ which gives its name alike to this 
portion of the Sarmatian Plain and to its Siberian 
continuation, where the same peculiarity of soil 
exists. Swampy, treeless, desolate, it is unfavourable 
for cultivation, and almost equally so for human 
habitation. 

(b) The Middle Bwision is very different from that 
which has just been described Its climate is mild, 
its pasture luxuriant, its surface undulating, well 
watered, and wooded. This division is the most 
highly favoured portion df Russia. Accordingly it is 
highly-cultivated ; and the squalid inhabitants of the 
north can dream of no more, luxurious paradise than 
a home in this part of Eussia. 

(c) The Southern l}msiony or the Steppes,^ extends 
from the Biver Dnieper along the Sea of Azof, and in- 
cludes all the country north and east of the Caspian. 
The general character is a barren, sandy soil, impreg- 
nated in many places with salt. These steppes are 
so remarkable as to merit a somewhat lengthened 
description; and the following vivid account, by Pro- 



^ " Sarmaiia was the name given by the Romans to the 
eonntry in Europe and Asia between the Vistula and the 
Caspian. It is partly Asiatic." — {AwUd.) 

* Bttsgun, Stejif, a name applied to il^oAe "^(Jis&xui. 
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feasor Ansted, can only have been penned by one who 
has himself snffered the tedium it describes. 

"In these steppes the seasons are very strongly 
marked. In the spring and early summer the laiid 
is carpeted with flowers. In the smnmer it becomes 
parched, after yielding as food or hay a fair supply of 
mixed grasses, which may be stored for winter nse ; 
bnt in the latter part of summer and antnmn it is per- 
fectly bare and burned up. In winter, which begins 
in October, the whole area becomes covered with 
snow ; and this remains until spring. There are no 
trees on those great plains, and no inclosures of any 
kind ; but at intervals the surface is broken by hol- 
lows scooped out of the plain, to a depth varying 
generally from 60 to 100 feet ; and in most of tiliese 
are villages and some cultivation, especially on the 
borders of the plain and in the vicinity of me coast 
or of the great rivers. There are, however, no roads ; 
and indeed there is no material for making them. 
One may travel for hundreds of miles over the level sur- 
face of the ground — over the turf in spring, through 
the thick dust in summer, and over the snow in winter 
— without seeing a single object rising above the gene- 
ral surface of the plain. The post-houses, at eqnal 
and distant intervals, are the only signs of humanity 
and civilizgbtion ; and the cry of the bustard is one of 
the few sounds that break the terrible monotony and 
stillness. The dead level of this pasture, even if 
luxuriant, soon fatigues the eye ; and when the horses 
and cattle are away, there is absolutely nothing for 
the eye to rest upon. The travelling across the steppes, 
conducted with great rapidity in a kind of light 
cart, is thus not so difficult as it is tiresome. But it is 
only safe in summer ; and when the snows cover the 
ground, not only does it become dangerous from the 
wolves who take refuge in the hollows, but almost 
impossible, owing to the absence of landmarks." 

Portions of i£e steppes, however, go far to re- 
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deem tliis tminviting character, parts of the interior 
possessing some of the richest and finest com land in 
the world. Forests also occur, and far-bearing animals 
abonnd. 

(b) Asia. — The steppes, however, are not entirely 
Enropean, bnt stretch into Asia, forming nearly the 
wbole of Turkestan, and running into the district of 
the Obi. 

Siberia, — The dreary character of the Tundra has 
already been described ; but we must here notice a 
singular branch o^ industry that has arisen of late 
years — ^the collecting of fossil ivory. Buried in the 
swamps are found the remains of elephants, not 
singly, but by scores ; and the ivory obtained from the 
tu^s has become an important branch of commerce. 
Whether the elephants lived in these desolate regions 
or whether their remains have been carried north- 
ward by the rivers, is doubtful. Certain it is, that 
they were capable of sustaining a degree of cold much 
greater than their allies of the present day ; for a car- 
case was discovered frozen into the ice, of which the 
flesh was so fresh that the dogs commenced eating it 
before its character was made known. The skin was 
&und to be covered with long, woolly hair, which 
doubtless served as a protection against the severity 
of the climate. 

China, — The great plain of China is fertile in the 
extreme, and supports a more crowded population 
than any other place upon the fe^^e of the globe, 
nice is the principal crop ; and on the low hills tea, 
the trade in which now supports a fleet of the flnest 
•ailing vessels afloat. 

Emdosixm, — The plains of Hindostan lie between 
the Himalaya mountains and the Deccan ; they are 
extensive, and from their situation embrace a great 
variety of climate. 

(c) NoBTH Ambeica. Prodries. — ^The central por- 
tion of this continent, from the Becky Mountains 
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to the Alleghanies, is an immense plain; and iia 
different portions are known as prairies^ or sfwcm' 
nahs} The prairies are divided into three classes. 
(1) Heathy, or Bnshy Prairies. (2) Dry, or Boiling 
Prairies. (8) Moist, or Wet Prairies. Of these the 
Dry division are by &r the most extensive ; and it is 
npon them that the stirring events in hnnting life 
occur. Over their vast, nnbrokon solitudes, the bison 
and the antelope roam in giant herds, together with 
countless wild-horses or mmtcrngs; the grizzly bear 
and the wolf here find a home ; and the native Indians, 
but little less free and wild than the beasts they hunt, 
live out a life so unrestrained and natural as to charm 
alike the vigorous spirit of youth and the jaded mind 
of maturer years. 

This vast plain is estimated to contain about 
millions of square nules. Year by year cultivation 
encroaches upon its borders, the wild animals die out 
or fall back before the white-man's hand, and the red 
lord of the soil surely and with rapid steps is civilized 
to death. 

The AtlcmUc Flam is a long and narrow stretch of 
land lying between the Alleghanies and the Atlantic 
Ocean, and extending from the Gulf of Mexico to 
Massachusetts. It is fertile, and mostly under cultiva- 
tion, and upon it stand the largest cities of the United 
States. 

{d) South Ambeica. — Prom Venezuela to Patagonia^ 
through the entire continent of South America, runs 
one immense plain, 1900 miles long, and containing 
1,620,000 square miles of area. This great plain is 
^own as (1) the Llama in the north, (2) the 8%lA)a8 
in the middle, (3) the Fam'pas in the south. 

(1) Llanos, — These plains extend from Venezuela to 



^ Fr., prairie^ an extenslYe meadow. 
' Sp.y savqna, a bod sheet, a meadow. 
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the Orinooo, covering nearly 850,000 sqnare miles 
{Ansied) . They are longer from north to south than in 
ike opposite direction, and are nearly destitute of trees, 
a few palms only occurring here and there. The ele- 
Tation above the sea is very small ; and the slope so 
slight that the currents of the rivers are destroyed, 
and high winds will reverse the direction of the stream 
for a season, and lay wide tracts of country under 
water. The mean height does not exceed 200 feet. 
Although the surface of the Llams is peculiarly level, 
yet two kinds of inequaKties occur. (1) Brcmcos, 
which are level banks of grit, or sand and limestone, 
running sometimes for several miles with perfect 
evenness, and raised above the general surface by only 
five or six feet ; and (2) Mesa, which are dome-shaped 
elevations of slight altitude and gentle slope. 

(2) Sihas. — ^Bordering the river Amazon, the low- 
lands are covered with an immense forest called the 
Motto, the district being known as the Silvas. The 
ground is more uneven than the Llanos, and is covered 
with so luxuriant a growth as to be almost impene- 
trable save by monkeys and birds. The forest is 
1500 miles long, and on the average nearly 600 miles 
broad. Much of this district is underwater for some 
months in the year, owing to the inundation of the 
Amazon, and tribes of Lidians dwell continually 
among the trees, building their villages upon plat- 
forms, and travelling either among the tree tops or in 
canoes. 

(3) Pampas, — The last division of the great South 
American plain is the Pampas, which extends from 
the region of the Silvas to the extremity of the conti- 
nent ; being more than 2000 miles long, and seldom 
less than 500 miles broad. In the north-west, the 
Pampas is covered with a thick growth of grass, atid 
wide tracts of huge thistles, which singularly enough 
have been introduced firam Europe. ScyoAk^i^c^'^^ 
Pampas^ forma an admirable paatuxe-laji^^ 
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by a portion which is rapidly becoming coltivai 
In Buenos Ayres, the southern part is occupied 
swamps and lagoons ; and south of the Salado Bii 
the country rises in a series of steps running no 
and south, which, though verdant in spring-time (< 
autumn) are for the greater part of the year ste: 
plains, strewn with huge boulders of rock, and w 
large stretches of black lava. Eastern Patagonia 
800 miles consists of a desert of shingle. A m 
desolate region does not exist, and the fierce hurrica 
that sweep over the country, the chilling blasts i 
hot winds, render it a region to be shunned by j 
shipwrecked sailors sometimes preferring to br 
the perils of the ocean, rather than risk the ci 
region of this country, and the fierce passions of 
giant hordes. 

a ISLANDS. 

DejELnition. — ^Islands are small portions of the la 
surface unconnected with the larger land-masses 
continents. They vary in size from mere points 
which case they form dangerous rocks, to imme 
areas like Australia. This latter island indeed if 
large as to be often called a continent. 

Classification. Islands are divided into tb 
classes, namely : — 

1. Continental islands. 2. Volcanic islands. 
3. Coral islands. 

1. Continental islands are merely seaward extensl 
of the continents upon whose coast they lie. Thus 
British Islands are identical in structure with 
Continent of Europe, and an elevation of 300 J 
would again connect tiiem, by laying bare the wl 
of the QiBrman Ocean. 

2. Volcamc ishmds are not necessarily similar 
structure to , the continent near which they 
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sitnated, indeed they are often tofadly unconnected 
with any continent, as in the case of the Sandwich 
Isles. The distribution of this class of islands has 
been noticed nnder the head of volcanoes. 

3. Coral island «are described in the article on the 
Elevation and Depression of Land-Masses. The 
chief areas in which they occnr are Polynesia, the 
West indies, the Red Sea, and the Indian Ocean, 
they bein^ confined entirely to warm latitude^. In 
the Atlantic, reefs occnr as far north as the Bermndas. 
By far the largest reef in existence is the great 
Barrier-reef off the north-east of Anstralia, which 
is 1200 miles in length. 



CHAPTER III. 
THE OCEAN. 

Distribution of Land and Water.— If we examine 
a common terrestrial globe, we shall see that by far 
the larger portion of the earth's surface is covered 
by water. This water is known as the Oceam,, The 
land, it will be seen, is for the most part grouped 
aronnd the North Pole in a broad belt, which 
would be almost continuous, but for the separation of 
the European from the American continent by the 
Atlantic Ocean. From this belt of land, three com- 
paratively narrow prolongations run into the southern 
nemi^here, two of them being formed by South 
America and Africa; and the third, broken in its 
continuity, by Further India, with its attendant islands 
of Borneo, Sumatra, and Australia. 

Continuity.— The Ocean itself is one and undivided, 
the land foizniiig, as it were, two gigantic islands — 
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the New and the Old Worlds — which, however, at 
their northern extremities, are almost fdsed into one. 
It is this continuity which, allowing of a free inter- 
change of the waters of every part of the globe, gives 
to the ocean its great power as a modifier of climate, 
and affords a means of communication between distant 
nations. 

Features. The principal features of the Ocean 
are — (1) 8ize,(2) Gcm^podtion, (3) Density, (4) Colour, 
(6) PhospJiorescencej (6) Temperatv/rey (7) Movements, 
(8) Ice. 

1. Size, including (a) Area, (b) Depths (c) Mass, 
{d) Weight. 

(a) Area. The entire area of the surface of the 
earth is estimated at about 197 millions of square 
miles ; of this the land occupies not more than 5J 
millions; leaving 146 millions of square miles, or 
nearly two-thirds of the whole, entirely covered by 
water. 

(6) B&pih. — There are two sources from whence we 
can derive information respecting the depth of the 
ocean. Fvrst, by direct experiment in sovmdvng ; 
secondly, by calculations on the breadth and rate of 
movement of waves, which bear a certain relation to 
the depth of the water over which they pass. 

Sotmdmgs are taken by means of a line, marked in 
fathoms,^ having a weight attached. This is caUed 
a Uad-Une. It is found that when the bottom is 
reached a distinct check is felt upon the line, which 
then ceases to run out. This answers very well for 
moderate depths ; but when tried in deep water (say 
1000 fathoms) it fails, for no check upon the line can 
be felt, tieither does it ever cease to run out. Instances 
of immense length having been run out are cited by 



^ A &ihom is six het 
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Maniy, the great physical geographer of the ocean, 
without bottom being found. The deepest are : — 

84,000 feet or nearly 7 miles by Walsh. 
89,000 „ „ 7i „ „ Berryman. 
46,000 „ „ 9 „ „ Penham. 
50,000 „ „ 10 „ „ Parker. 

It was at length discovered, from a line and weight 
of the same size being always used, that the time 
occupied in descending to a given depth was always 
the same; the weight sinking slower as the depth 
increased. By observing this time it is possible to 
" tell very nearly when the ball ceases to carry the 
line out, and when it began to go out in obedience 
to the current and drifb alone ; for currents would 
sweep the line out at a uniform rate, while the cannon- 
ball would drag it down at a decreasmg rate " 
(Maury). By means of a contrivance of Brooke's, 
tiie cannon ball becomes detached on reaching the 
bottom, and the line is drawn »up bringing with it 
specimens of the bottom adhering to a little tallow 
placed in a small cup or in a common quill. 

Most of the soundings thus obtained have only 
been in moderate depths ; but in the North Atlantic, 
whose bed has been more fdlly explored than any 
other portion of the ocean, the soundings agree very 
well with the depth estimated from observations 0]i 
the tide- wave. 

Be^th as determmed hy Observations on Waves, — Mr. 
Aiiy, the Astronomer Eoyal, has shown that a relation 
exists between the breadth and rate of progress of a 
wave and the depth of the water over which it 
passes. And from a consideration of his tables, we 
have deduced the following laws, which show in a 
simple manner the data from which depths may be 
calculated. The breadth of a wave is measured from 
the crest of one wave to the crest of another^ and the 
rate of progress of a wave is estimAit^ ^ ts^ssss^ 
feet in me secmd. 
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Law I. — ^Waves of any breadth may be formed on 
water of any depth. 

Law II. — wave of a given breadth cannot attain 
more than a certain velocity. 

This maximum^ velocity is never reaUy attained, 
and can only be approximately attained when the 
depth is at least eqxuil to the breadth. 

Law m. — ^When the depth is less than the breadth, 
the velocity — ^which (by Law II.) never attains its 
maximnm, increases nearly np to a certain speed. 

This speed is attained when the breadth equals a 
1000 times the depth. 

So that waves whose breadth is more than a 
thousand times the depth, move sensibly only at the 
same rate as those whose breadth is simply equal to 
the depth. ^ 

We see from the above that the speed of a wave 
increases according to a certain law, so that if the 
breadth be given its maximum rate can be calculated. 
For instance, a wave 100 feet broad formed on water 
100 feet deep, travels at about the rate of 20J 
feet per second ; and if we imagine it to be rolling 
over deeper and deeper water, it would not acquire 
any higher speed for (Law II.) it would have already 
reached its maximum rate of progress. 

Suppose now the wave to become broader, say to 
1000 feet, — still in 100 feet of water, — it would increase 
in velocity up to about 53 feet per second ; still grow- 
ing broader it would go on increasing in speed until 
the wave became 100,000 feet broad, by which time 
its speed would be about 57 feet per second ; after 
this it could progress no faster, however broad the 
wave might become (Law III.). But if the water 
grew deeper, the rate would again increase (Law II.), 



1 L., the greatest. ' The Astronomer Boyal has kindly 

examined tlds exposition of the theory of waves. 
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and if we could h&ve so great a depth, would attain 
its maximum of 715 feet per second in 100,000 feet 
of water, and so on. 

In applying the above laws, which constitute what 
is known as the " Theory of "Waves" to actual cases, 
it is, of course, necessary to select a wave whose 
breadth is beyond doubt greater than the depth of 
the water can be; otherwise no satisfactory resxdt 
can be obtained. For if the wave be moving at its 
greatest speed all that can be said of the depth is 
(Law IL) that it cannot be less than the breadth of 
the wave. Hence it is that the great waves caused 
by earthquakes and the tide-waves, are chiefly 
selected; the former being many hundreds and the 
latter many thousand miles broad, their breadth being 
measured from the crest of one tide to the crest of 
the next, 12 houvs later. 

The depth of the Atlantic has been calculated by 
Herschel from the tide- wave, which in that ocean is 
6000 miles broad, and travels over a space equal to 
its own breadth in 12 hours, that is, it moves at the 
rate of 731 feet per second. This gives an average 
depth of 22,167 feet, or about four and a quarter 
miles, a result which perfectly accords with what we 
know of its basin from soundings. 

The mean depth of the Pacific Ocean was estimated 
by Bache from the gigantic waves formed by the 
earthquake in Japan, of Dec. 23, 1854, which roUed 
right across the ocean, and were self-registered on 
the tide-gauges on the coast of California. He found 
the breadth of these waves at 217 miles, and their 
rate 61^5- miles per minute, or 537 feet per second. 
By the theory of waves he concluded the mean or 
average depth of the Pacific Ocean to be 14,190 feet, 
or about two and a half miles. 

Prom our very limited knowledge of a great portion 
of the Ocean, we can of course form no certain esti- 
mate of the mean depth, but we may ^^Tmi<e^^^H«^\^ 
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about four miles. "A result," says Hersohely "as 
likely to be beyond the truth as within it." 

(c) Ma88» — Taking the area of the ocean at 146 
million square miles and the average depth as 4 
miles, we find the number of cubio miles of water 
to be 584 millions. 

{d) Weight — ^From the above data it is easy to esti- 
mate the weight of the ocean. Sea water at the snr&ce 
has a density of 1 '026 (pure water being 1.) The weight 
of a column of sea water two miles high is equal to 
318*3 times the weight of the atmosphere. This weight 
is sufficient to compress the water at that depth 
•015105, making the density 1*0414926, or nearly 
1*0415, which is the mean density of sea water, 
supposing the ocean to have an average depth of 
four miles. 

Now a cubic foot of sea water at this density 
weighs 65*09 lbs, and a cubic mile 4,271,369,142*8 
tons ; this number multiplied by 584 millions gives 
as the weight of the ocean 2,494,500 billion terns 
nearly, or about Tstt^ weight of the globe. 

Prof. A. S. Herschel has favoured us ^th the foUoidng illus- 
tration. The weight of the sea is to that of the atmosphere 
as 479*5 (very nearly 480) is to l,or, according to the ap0t^cari«s' 
division of the avoirdupois ounce, almost exactly what a fltdd 
avoirdupois omioe of water is to a minim or ' drop * of the same 
liquid. On this scale the globe of the earth itself wonld be 
represented by a sphere of mineral of the same density as 
itself (5 -5), 11 inches (11*2) in diameter, on the surface of which 
the fluid ounce of sea would have to be spread over an area 
of almost exactly two square feet, and the drop of atmosphere 
over its whole sorfiEMe." 

2. Composition. — The saltness and bitterness of sea- 
water is due to the presence of soluble matter, such as 
sodic chloride, or common salt, which exists in greater 
quantities than any other saline material. Magnesia 
and lime come next in point of abundance, occuning 
as carbonates, sulphates, and chlorides; and then 
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follow nnmerons bodies, sucli as magnesic bromide, 
varions iodides, silica,^ or sand, and, indeed, traces 
of almost every soluble substance, for the river& are 
constantly discharging immense c[iLantities of dis- 
solyed material into the sea, which mnst remain there, 
since they cannot be evaporated. Copper is said to 
occur ; for on trailing a bar of polished iron after a 
ship^ it has been fonnd coated with a film of that 
metal at the end of a voyage. This may be the resnlt 
of the galvanic action of sea-water upon the ship's 
copper bottom ; and the experiment should be tried 
£rom iron ships to afford a satisfactory resnlt. Silver 
is also known to be dissolved in the sea, and the 
copper of old ships has been fonnd to contain sufficient 
to pay for its extraction. 

The amount of salts dissolved in the ocean is 
about 3^ per cent, and taking their specific gravity 
to be 2, or about that of common salt^ we find that 
a cubic foot of these salts weighs 125 lbs, and a cubic 
mile 8,214!,171,428*671 tons. Now as the salts amount 
to 3^ per cent of the whole ocean, we find the number 
of cubic miles by taking 3^ per cent of the whole, 
that is 20,440,000 cubic miles. This number multi- 
plied by the weight of one cubic mile of salts, gives 
as the weight of the salts dissolved in the ocean about 
167,898 billion tons. 

The d^ree of saltness of the ocean is almost every- 
where the same. The mean amount of saline materml 
is about 4 per cent. This uniform saltness of the 
ocean is the result of the constant interchange of 
waters in every part of the ocean, and would not 
therefore, be maintained if the ocean were not con- 
tinuous. Even as it is, the sea is found to be slightly 



1 Lime and silica are important, as snpplying the hard parts of 
fisbee, shells, and other marine organisms. From the former 
eoxal-reefiB, from the latter great deposits of tiny shalls upon the 
sea-bed, are formed. ^ 
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Salter in tibie regions swept bj the tMide-winds, and 
somewhat fresher in the Polar regions, owing to the 
melting ice and snow. 

Still, a remarkable nniformity of saltness does 
exist. The Red Sea, for example, throngh whose 
iiiinrtrf shores no river finds its way, and npon whose 
snrfi%ee rain never falls — ^lying, moreover, soorchingin 
lite torrid sone, and, ther^re, snstaining an excessive 
evapomtion with no compensating inflnx of fresh 
water-^wonld be mnch Salter than tibie open sea, unless 
ihe dense water somehow fonnd its way out agam. 
Bnt its waters are not sensibly Salter than those of 
!&e todian Ocean. 

Fresh water entering the sea by rivers, or as rain, 
does not readily mix with salt water, and being lights, 
fioal» on its snr&ce. Fresh water has been t&teti up 
from the ocean, out of sight of land, off the month m 
the Biver Amazon; and in the tropics, where rain is 
almost constant, sailors report pools of fresh water in 
the same way. 

8. Density. — cabic foot of fifesh water weighs 
1000 oxmces, while the same qnantity of sea-wnter 
weighs 1026 onnces. In other worcb, sea*water is 
heavier than fresh water. The density is not always 
the satoe, bat varies with the amonnt of siJts presei]^, 
being densest where the amonnt is greatest. Speak- 
ing generally, the Atlantic is Salter and daiser than 
IVfccific, ,ttnd the sonthem parts of both oceans 
denser than the northern parts. The following tabic 
shows the density of the water from different |mfts of 
ihe ocean, fres^h water being 1 ^— 



Kotth Atlantic . 1*02&64 

Soiitli „ . 1-^2676 

North Pacific . . 102548 

South „ • . 1*02658 



Indiaii Ocean . • 1*0263 

Medit er ranean • 1*0289 

BedSea . . . 1.0286 

Baltic • • • . 1*0086 
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4. Colour. — The colottf of the open sea is a deep 
bine, passing into bright green as the water becomes 
Bhallower. A white object. thrown overboard in deep 
water is seen to become green as it sinks. The origin 
of this colour is not satisfactorily made ont. Ifc has 
been supposed to be due to the presence of salt, an 
idea which derived its support from the observed fact 
of the water in salt-pans becoming blue as the brine 
grows more concentmted. But this does not explain, 
instance, why the Mediterranean, which is not 
Salter than the ocean, is so much more brilliant in 
hue, neither does it show why many lakes and some 
rivers, which are, of course, not salt at all, possess 
water as pure in tint as the Mediterranean itself. 
The river Bhone on its issue from Lake Leman, is an 
illustration of thi^. 

Others have supposed the colour, like the blue 
liquids in druggists' shop windows, to be due to the 
presence of some salt of copper. 

It is most probable that the blue and green tints are 
oolours belonging to the water itself; and sea- 
water only assumes other hues where it happens to 
be charged with solid matter in suspension — not 
dissolved but held up by the motion. 

The Red Sea is supposed to derive its name 
from a microscopic plant of that colour which is 
sometimes thrown up in vast quantities on its shores, 
in ihe Gulf of Akaba, quantities of the red organ- 
pipe coral {Tuhipora nvusica) are deposited on the 
b^h ; and this may have given rise to the name in 
early times. The sea itself is as blue as the Atlantic ; 
and navigators assure us that a red tLoge is scarcely, 
if ever, observed. The Gulf of Gahfomia is some- 
times called the Yermilion Sea, from its assuming 
that colour. At the mouth of iJie La Plata the sea 
is also occasionally red. Li the Pacific Ocean patches 
of a red colour msmy miles aeross are observed^ 
on investigation^ are found to be du<d \o Vibib ^-c^^^ 
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of animalcula.^ Similar patclies of hroum and white 
colours are not nnfreqnent in that area. 

The eastern portion of the Mediterranean is ofben 
tinged with purple. 

The Yellow Sea is so named from its colotir, 
dne largely to the sediment discharged into it by the 
great rivers. 

The waters of the Gnlf of Ghiinea often appear 
of a white colonr. Snow-white patches have been 
alluded to as occurring in the Pacific area ; and aronnd 
the Maldive Islands the sea sometimes acqnires a 
black cast. 

These various hues are probably due in every case 
to the presence of solid matter, whether as living 
organisms or as sediment ; and are not, like the blue 
and green colours, proper to the water itself. 

5. Fhosphorescence. — One of the most beantiM 
aspects which the face of the ocean presents to us is 
this phosphorescence. Under the most varied con- 
ditions, in the still darkness as well as in the stormy 
night, in warm tropic seas as well as chiU polar 
waters, this phosphorescence may be observed. We 
have seen it fitfully gleaming over the sleeping waters, 
and again gilding with burning light every wave and 
ripple within sight. Sometimes so pale as to seem 
spectral in its whiteness, sometimes glowing in a 
sliip's wake so powerfully that books maybe read by 
its light. At times it studs the sea like myriad water- 
stars, and on pouring the water through the hands 
the fiery points will adhere to the fingers, glowing all 
tho while. Great globes of living fire well up &om 
beneath the ship's keel, or irregular patches constant- 
ly changing in outline float around. Every now and 
then a flash of fire is propagated across the sur&ce, 
and all remains dark until illumined by another 
similar display. Such are some of the many phases 



animalculMmi a Utile animal. 
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this beauteous phospliorescence presents to cHarm 
away the monotony of the sea and relieve its tedium. 

Most of these effects are produced by miaute light- 
emitting animals, some of them doubtless by shoals of 
8n:iall fish, to which especially we would refer the ir- 
regular changing patches above mentioned. These 
may often be dissipated, as it were, in a shower of 
sparks by throwing something into the midst of the 
shoal, when the frightened individuals at once scatter. 
Many of these minute phosphorescent beings are of 
strange, weird shapes, and a rich field of investiga- 
tion still lies open for the naturalist in that direction. 

The light is usually of a pale greenish character, 
similar to that of the glow-worm, but sometimes it 
loses this greenish cast, and as the water drips from 
the oars, i£ey seem as if bathed in moonlight. 

6. Temperature. — The temperature of the surface 
water of the sea is nearly that of the air above it, 
varying only where currents sweep along, raising or 
depressing the temperature according as they are hot 
or cold. Water, being a bad conductor, takes longer to 
become warmed, and retains the heat longer than air, 
so that the mid-day temperature is somewhat below, 
and the mid-night temperature slightly above, that of 
the air. Hence it is that the sea is so much less 
variable in temperature than the land. 

All over the world, at great depths, cold water of 
the same temperature has been recorded, namely 
85° F., or 3° above the freezing point of fresh, and 
?• above that of salt water. In hot and temperate 
regions there is warmer, and in cold regions colder, 
water above this uniform layer. The dividing line 
between these regions being, of course, the isotherm 
of 36* F., or the line where the mean annual temper- 
ature equals that amount. At the equator, this uni- 
form layer of cold water is reached at the depth of 
7,200 feet, and in the highest accessible latitudes at 
4r,600 feet. 
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7. Movements. — ^We will now consider the move- 
ments whicli take place in the waters of the 
Ocean, and which are of two kinds— OWew^s and 
Waves, 

A. OUBBENTS. 

Origin. — The principal causes of currents are — 

(1) Winds, 

(2) Eva^oraUon. 

1. Winds. — The winds are the chief originators of 
currents, imparting to the water motions in the same 
direction as that in which they blow. It will be 
necessary, in order to understand the system of ocean 
currents, briefly to describe the main features of the 
winds in this place, leaving a fuller examination 
of the subject for another chapter. It must be 
remembered that the di/rectim of a vmd is that from 
which it blows, the direction of a current that to which 
it runs. So that a north-east wind and a southr-west 
current travel in the same direction. 
• The earth is divided into four distinct wind-regions, 
two of them characterised by winds which st^uiily 
blow in the same direction, and called the Trade- 
wind Regions, and two in which the direction of the 
wind is variable, and called the Regions of Variable 
Winds, and also, from the general direction of the 
winds being opposite to that of the Trade-winds, 
these regions are known as the Regions of the Anti' 
trades.^ 

The Trade-winds blow from near the tropics to the 
equator ; in the north they have a north-east direction, 
and are called the North-east Trades, and in the 
southern region they blow from the south-east and 
are called the South-east Trades, In the Indian 
Ocean the Noi'th-east Trades have their direction 



^ Antitrade, agailntt the trade wind. The prefis anti is 
Latin. 
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modified according to the seasonsi and are called the 
Monsoons. 

The AnUirades extend from the trade*wind regions 
to near the poles : they are very variable, but their 
general direction is towards the poles. In the north- 
ern region south-westerly currents of air prevail, 
called the South-west Antitrades ; and in the southern 
regions the prevalent winds are £rom the north-west, 
forming the North-west Antitrades. The following 
diagram may assist in remembering the cUrscHon of 
the winds. The arrows being supposed to fly with 




Tig. 4. BuaaiM SHowuro tbi DiaaoizoH or thb Wimb. 

the wind 5 h-^ representing the Trades, the Anti- 
trades. 

2. Evaporation*—- Evaporation is the action of the 
sun's rays in raising water j&om the sur&ce as 
invisible vapour, or, in common language, in "drying 
up a portion of the sea wat^r. It anects only ih^ 
water, and leaves the salts xmtouched; hence, the 
water, becoming heavier, sinks, aad\»GOxa\iL^\^'?^«^^^ 
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in quantity, currents of lighter, fresher waters set 
in &om the poles, to supply the loss, and at the 
same time currents of heavier, Salter waters rim 
towards the poles. But this action, as compared 
with the power of the winds in producing currents, 
is very sUghty and is jperhaps wholly cormcded hy their 
overpowering ir^uence. 

System of Currents. — ^The trade-winds being the 
prime cause of currents, if we suppose the earSi^tb 
be covered entirely with a uniform depth of water, 
it will be easy to see what is their true effect. Blowing 
towards the equator from both sides, they will give 
to the water motions in the same direction, and these 
south-west and north-west currents meeting there, 
would unite and flow westwards, thus giving rise to a 
great equatorial current running right round the globe. 

1. Equatorial Current. — This current actually does 
exist, and is only prevented from performing its 
majestic tour round the earth by the land masses. 
They divide the ocean into three basins, so that 
the Equatorial Current has to be formed separately 
in the eastern portion of each ocean, to be broken up 
again on the western coast. 

(a) Pacific Ocean, — The equatorial current of the 
Pacific Ocean is formed within the tropics, and 
sweeps steadily across from the American to the 
Asiatic coast, meeting which, it splits in two, or 
hifurcates,^ and the larger portion, turning southwards, 
escapes between the islands of the East Indian 
Archipelago into the Indian Ocean. The rest, flowing 
northward, keeps outside the islands of Asia, forming 
what is known as the Ja^an Current ; still continuing 
its course northwards, it sends a small branch through 
Behring's Straits into the Arctic Ocean, while the 
main portion continues to sweep round the coast, 
and turning southwards creeps along the Califomian 



^ L,, hi$, imce, rndfurcat a fork : to diyide into two branches. 
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coast, and finally joins the eqnatorial cnrfent again, 
afber having performed the grand circle of the entire 
North Pacfic basin. 

(b) Indian Ocecm, — ^In this ocean, notwithstanding 
the monsoons destroy the simplicity of the trade-wind 
influence, the equatorial current is still distinctly 
traceable south of the equator, and receiving the 
branch of the Pacific current, it pursues its westerly 
way, until, at some distance from Madagascar, it 
bifurcates, part going north of Madagascar, and 
then, curving southwards, runs between that island 
and the coast of Africa as the Mozambique Oim-ent; 
the other portion runs directiy towards the Cape 
of Good Hope, joining the Mozambique current on 
its way. Only a small part of these united currents 
passes round the Cape as a warm current, the greater 
portion being suddenly deflected or turned back by 
a cold current from the south, which will be noticed 
by-and-by, and, running almost due east, re-enters 
the Indian Ocean. 

(c) AUantic, — ^In the Atlantic Ocean the splitting 
up of the equatorial current takes place off Cape St. 
!Roque in South America, the smaller portion turns 
south, forming the Brazil current; and its further 
course is not satisfactorily made out, but most likely 
it goes to form the South Atlantic Gormecting Current, 
running easterly, and may then be returned to the 
equatorial circulation. The main branch, increased 
and strengthened by the south-west drift of the 
North Atlantic, having its origin in the north-east 
trades, is driven into the Caribbean Sea, thence 
through the Straits of Yucatan into the Gulf of 
Mexico, round which it eddies, and finally issues 
Hirough the Straits of Florida as the renowned Gulf 
Stream, 

2. Gulf Stream. — This majestic current, whoso 
origin has just been described, is 30 miles broad, 
22CK) feet deep, and travels at x^L^i^i cil "^^-^ 
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four miles an honr, when it issues from tlie Straits of 
Florida. Its temperature is very high (86* F.), and 
it is this circxunstance to which it owes its importance 
as the great warmth-giving agent of the climate 
of Western Europe. The northward direction of this 
current is so modified by the daily rotation of the 
earth, as to take a norih-easterly course. 

To imderstand this action of the rotation of the 
earth upon the direction of currents — and it is a 
subject that must be well understood, as it will have 
to be again alluded to in the chapter on winds — ^the 
following illustration may assist. 

1 Ttike a common terrestrial globe, bring any place 
in the northern hemisphere under the brazen meri- 
dian; put a finger of the left hand on the place, 
then moving the finger down along the meridian 
to the south, to represent a drop of water, turn the 
globe on its axis from west to east, to represent the 
daily motion of the earth, and when the finger reaches 
the equator, stop. It will now be seen that the place 
on the globe under the finger is to the southward and 
westward of the place from which the finger started ; 
in other words, the track of the finger over the sur&oe 
of the globe, like the track of the drop of water upon 
the earth, has been from the northward and eastward. 
But to reverse this process would not give a correct 
idea of the direction of a drop of water going from 
south to north, like the Gulf Stream. For in coming 
from north to south, as we have supposed, the move- 
ment is towards tiiose portions of the earth which 
revolve faster than the place from which the drop 
started ; whereas in travelling towa/rds the north the 
drop sets out with a motion towards the east greater 
than that of any portion of the surface over which 
it will travel, (p. 18.) To make this plainer, sup- 
pose it were possible to see Ireland from the 



> ThoM two illustrations are adapted from Mauiy^ 
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Straits of Florida, and to gei a cannon to reach so 
a person in the Straits intending to shoot at 
Ireland as a target, would, if the earth were at rest, 
aim direct. Bnt the earth revolves on its axis, and 
the Straits being nearer the eqnator than Ireland is, 
the gun wonld be moving faster than the target, and ' 
therefore the marksman would miss. He wonld find 
that he had shot to the right of the object. 

Now the Gulf Stream, like the cannon-ball, par- 
takes of this rapid motion, and is in like manner 
carried to the right, that is, the east. With this 
easterly tendency it runs towards the bank of New- 
foundland, gradually spreading itself out as the 
surrounding waters become colder. In about latitude 
43** N., this spreading, or thinning out, has entirely 
destroyed the Gulf Stream as a distinct current, 
and a large portion of its water curves east, and 
roiming south rejoins the equatorial circulation, thus 
forming a circle or eddy similar to that in the North 
Pacific Ocean. In the centre of this great eddy, 
about the tropic of Cancer, is an immense acctunula- 
tion of floating sea- weed, known as the Sa/rgasso 8ea, 
which extends from about lat. 18° to 28° N., and 
from long. 20° to 65° W. The weed is chiefly Fucus 
fuUam, and maintains a rich world of cmstacea and 
moUiisca ^ on its bosom. 

The remaining waters of the Gulf Stream, aided 
in their course by the south-west antitrades, enter 
the North Sea as a &nft current (that is, a general 
set of the water in a certain direction, but not con- 
fined within comparatively narrow limits as in an 
ordinary current) of warm water, raising the tem- 
perature of Western Europe, which would otherwise 
possess a climate as rigorous as that of Labrador ; 
thence passing into the Arctic Ocean, it .becomes 

^ Crustacea are snoh animals as crabs and shrimps. 
Mollutcai Buoh as oysters, cockles, and '?ih!^\k&« 
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chilled, and re-issnes, partially at least, into the At- 
lantic as the Arctic current between Spitzbergen and 
Greenland. 

The waters of the Gulf Stream do not mix with 
those of the surrounding ocean, and being clearer 
and bluer in tint, the Ime of demarcation between 
them is so remarkably distinct, that it is easy to 
see exactly when a ship enters them. 

3. Other Currents. — Having now traced the course 
of the great equatorial current and its branches, 
we will consider the remaining currents, commencing 
as before with the — 

(a) Fadfic Ocecm, — In the Northern Pacific Ocean, 
encircled by the equatorial current and its eddying 
stream, is a curious and complicated system of cur- 
rents, but ill understood. They run eastward, parallel 
with, but in an opposite direction to, the great equa- 
torial current, and hence are called " counter " cur- 
rents. Herschel has suggested that they may arise 
from shallows in that region. 

From what has been said of the circulation of 
the waters in the Pacific, it will be remembered that 
while in the north they merely sweep round- its basin, 
the southern waters find their way into the Indian 
Ocean. So that the South Pacific would be drained 
of its waters, unless replenished by an indrift from 
the south. This is accomplished by two currents, 
which are known as the Antardio thrift Current^ of 
cold, iceberg-laden water, and the 8(mth Padjie 
Ourrent, 

These southern waters would naturally flow in 
a south-east direction, driven by the north-west anti- 
trades. Being compelled to take a northerly course, 
to supply the deficiency in the South Pacific, their 
southerly tendency is overpowered, and the easterly 
impulse left unchecked carries the waters in that 
direction. 

The SoutJi Pacific Current setting in towards the 
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roast of Pern, breaks np, sends one portion sonth- 
wards ronnd Cape Horn into tbe Atlantic, forming 
the Cape Horn Current; and the rest forms two 
cnrrents running north, one, the Peruvian Current} 
creeps along the coast and joins the equatorial 
current in lat. 4® S. ; the other, the Mentor Current^ 
keeps further out to sea. 

(5) Inddcm Deem, — This ocean resembles the Pacific 
in being closed to the north and open to the south, 
and its currents are also similar. In 4he norfch, how- 
ever, the circulation is modified by the monsoons, 
and the waters flow in different directions according 
to the direction of those winds. 

Erom the south, this ocean is replenished by a 
drifb current, in the same manner as in the Pacnfic. 
It is this current that pushes back the Mozambique 
Current, as described above (p. 73). It runs in a 
north-east direction towards Australia, and bifur- 
cating off Cape Lewin, sends one portion along the 
west coast of Australia to join the Equatorial Current, 
and another along the South Australian coast into 
the Pacific. 

(c) Atlmtic Ocean, — The currents of this ocean 
have already been described. 

4. Classification of Currents. — The currents of the 
ocean may be classed as follows : — 

(a) Stream Currents, flowing in one direction, like 
" rivers in the ocean." Such are the Gulf Stream, the 
Equatorial Current, etc. 

(6) Counter Currents, such as run alongside, but in 
opposite directions to other currents, as lie Pacific 



(c) Variable Currents change their direction in 
obedience to the influence of winds or tides. Such 
are the currents in the North of the Indian Ocean. 

(c?) Drift Currents are movements of the water 




> Tills is also called Humboldt^ s Gurreut. 
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whicli do not possess the river-like character of oiho; 
currents, but are merely a general motion or " drift " 
in a certain direction. SucIl is the Antarctic Drift 
Current. 



Waves are of three kinds, and are named according 
to thdir origin: — (1) Wi/nd^aves^ (2) EanhquaJce- 
waveSf and (3) Tide-waves. The two former are 
very much alike, differing only in magnitude ; but 
the last possesses peculiarities which distinguish 
it at once from all other waves. 

Nature of Wave Motion.— Before entering into a 
particular description of the various kinds of waves, 
it is of the first importance properly to understand 
the nature of wave-motion, or very incorrect con- 
clusions may be formed respecting them. 

A little consideration will show that the motion of 



when the tide is ebbing, it will be noticed that the 
waves continually roll im, towards the shore^ notwith- 
standing that the movement of the water is in the 
opposite direction. Again, waves are often seen on 
rivers travelling in an opposite direction to the twrr&Kb. 
These two illuBtrations show that the wave may have 
a motion in one direction, and the water at the same 
time be moving in another direction. If the water 
really moved as it appears to do, a ship would be 
carried along by the waves, instead of which they 
pass under her, alternately raising her on their crests 
and then letting her sink again into their troughs. 

A last and f amilar instance of wave motion is seen 
in shaking carpets, when the two ends of the carpet, 
grasped in the hands remain stationary, while "waves" 
are propagated from one end to the other. In this 
instance it is at once evident that it is not the carpet 
that moves, but merely the form, that travels from 
one end to the other. This fact, then, must be con- 



B. WAVES. 




Standing upon a beach 
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tiniially borne in mind, in treating of waves : — ^The 
motion of the water is apparent, not real, what really 
moves is the form of the wave. In other words, a 
wav©j as it progresses, is not com])osed of the same 
water* The f(3lowing diagram (Fig. 6 ) will show 
what the moYBment of the particles o£ water com- 
posing a wave really is. 




Fxa. 5. DiAosAtt snownro thb katvbb or Wave Motion 



Let A, B, c, D, B represent the surface of the water, 
and B, D the crests of two waves, and 0, s thdr 
troughs, the motion being in thedirection from Ato s« 
Let a, c, d[, e be the position of i^e waves after the 
interval d a few seconds. To bring about this 
change of position, the water at A has surUc to a, tibiat 
which was at B to b', the water which was at 6' haa 
risen to 6, that which was at c to c', i^at which was 
at & has sunk to c, and so on. From this it appears 
that the advance of the wave is produced without 
any advance of the water, but by its particles rising 
and sinking alternately in a vertical direction. 

1. Wind-waveSi'^Out at sea, when there is no wind^ 
the surface of the deep is as smooth and bright as 
the isce of a mirror ; and the weary mariner, thus 
becalmed, looks anxiously for the first puff of air 
betokening the coming of the longed*for wind. This 
is seen afar off by its ruffling the bosom of the 
waters, and making them appear dark in coinparison 
with the ahiniiiig sur&ce; a^if th» ^^nxA*^^ 
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puffs, the tiny ripples speed over the stirfew^, dying 
away as rapidly as they are formed. This is what the 
sailor calls a cafs'paw; and in this manner, from 
snch slight beginnings, are bom the mightiest 
waves. Each "wavelet," as it advances, becomes 
increased in height by the continued pressizre of the 
wind; and the height it ultimately attains is de- 
pendent upon the breadth of the water and the 
continuance of the wind. A long-continued steady 
breeze would raise larger waves than a squall, 
which, though blowing with many times the force of 
the breeze, is yet rapidly spent. 

The relation between the breadth of a wave, its 
rate of progress, and the depth of water over which 
it passes, has been dwelt upon at length in another 
plaice (p. 61) ; but we must here notice the fact, that 
the d&pth to which the disturbance of a wave is feU is 
very slight. The motion growing feebler so rapidly, 
that at a depth equal to the breadth of a wave, the 
movement is only of that at the surface. It has 
been calculated that a wave a quarter of a mile broad 
and 40 feet high (that is, as high as the largest 
wave off the Cape of Good Hope) would be in- 
capable of moving a grain of sand at the depth of 
a quarter of a mile (1320 feet) ; which is of course 
much less than the depth of the ocean. 

A wave is not only elevated above the general 
level of the sea, but is also depressed beneath it ; its 
trough falling . as much below that level as its crest 
rises above it. The height of a wave is measured 
from its trough to its crest or summit. The largest 
waves «re those formed off the Cape of Good Hope 
and Odpe Horn, which sometimes attain the h^eight 
of from 30 to 40 feet. In our own seas they rarely 
exceed 8 or 9 feet in height. 

(a) Surf, — ^When a wave reaches shallow water, its 
lower portion is retarded by friction on the bottom, 
. and the upper portion, unchecked in its motion, con- 
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iinneB and eyentaally breaks, topples oyer, and rashes 
np on shore while the lower portion at the same time 
races back. In this way smf is formed, which in 
somo places, where large waves formed in the open 
sea roll on to a shallow coast, attains snch a magni- 
tade as to render landing on such a coast at all times 
an uncomfortable, and sometimes a dangerous opera- 
tion. On the West Coast of Africa, a tremendous 
surf is produced in places, which tears the beach up 
with enormous force ; and the great sharks lying in 
wait for prey destroyed by the breakers, are often 
themselves overwhelmed in its fury and dashed life- 
less on the beach. The Malabar coasb of India also, 
is fringed with heavy surf, the waves often breaking 
several miles out to sea. In the case of waves thus 
impeded by shallows, a motion is actually imparted 
to the water, and the wave, thus changing its nature 
to some extent, is sometimes called a w(we of tranS' 
lotion?- 

(b) Ohoppvng Sea, — ^When a series of waves flowing 
in a certain direction meets another series proceeding 
in a different direction, they cross, but do not become 
confused ; and thus break the surface of the water 
into squares or lozenges, according to the angle at 
which they meet. This produces what is called a 
chopping sea^ and the effect of the twisting motion 
given to a vessel under such circumstances can be 
better imagined than described." 

A chopping sea may be produced in several ways, 
(1) by a series of waves meeting another series, 
reflected from the shores of a large bay — as in the 
Bay of Biscay. (2) When the wind, after blowing 
steadily in one direction, suddenly changes or veers, 
the waves produced by the wind in its former direc- 
tion, meetmg those resulting from its new direction, 



^Lu, tram, "across," or "over," and /m>, 
]^,** fi has here its original flignifioatioiv. 



latum, '<iQ 
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cause a chopping sea. (3) Sometimes a heavy sea is 
experienced in tolerably oabn weather, derived from 
some distant storm ; this is what is called a grovmd- 
swells and if this ground-swell comes from a direc- 
tion different from that in which the wind is blowing, 
a chopping sea is the resnlt. 

(c) Force of Wcwes. — The force of waves, when 
acting against an obstacle, is very great. A sad 
illustration of their power is but too offcen observed, 
in the speed with which an unfortunate ship, driven 
upon the rocks, breaks up under their influence. 
Sunken vessels, long buried beneath the sea, are 
often torn up and cast upon the shore in heavy 
storms. Waves have been known to dash right over 
the Eddystone lighthouse, 150 feet in height^ and 
descend with a crash upon its summit. The same has 
been observed at BeU BrOck Lighthouse, 100 feet high ; 
at Dunnet Head the lantern, 270 feet above the sea, is 
cracked by pebbles hurled from the beach by the waves. 
During very violent storms, the Atlantic waves 
rush nearly 600 feet up the sides of the cliff at 
Hoy Head, in Orkney. The pressure in violent 
storms has been estimated at 6000 lbs. on the square 
foot, a force which shows what enormous strength 
must be given to breakwaters, to enable them safely 
to resist &eir impact. 

2. Tide-waves. — These waves, as we have said, are 
very different in their natttre from those alx)ve 
described. Their differences can be most readily 
seen by such a comparison as is exhibited iu the 
following table : — 

Wind-waves Tide-waves 

Affect the Borface water only. Affeot eyery portion of the 

water equally. 

A cork floatmg on waves of A cork dmilariy floating on 
l^nal breadth «nd height, re- the tide-wave wonld revolve in 
^Ives in » vertical cixole. a veiy elongated ellipse, the 
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The water compoBing awind- 
waye rises and &lls yerticalljr, 
as has been explained. 



Wind-wayes travel in all sorts 
of directions, according as the 
irind blovs. 



shortest axis of which wonld 

be yerticaL This ellipse would 
be half the drcnmference of 
the globe (12,500 miles) if the 
whole earth were ooyered with 
water. 

The water composing the 
tide- wave haatklateral^ motion, 
moving from a quarter of the 
globe on either side, to form 
me elevated portion of the tide* 
wave. 

Tide-waves always travel in 
one direction, at any given 
place. 



(a) OrigiAfi of Tides, — ^The common idea of tlie origin 
of the tides is, that the moon attracts, or draws tlie 
water to that side of the globe on which it happens 
to be placed. But, like most snch ideas, it neither 
explains the phenomena of the tides, nor accords 
with the known facts. For if such were their origin, 
high tide conld only be formed nnder the moon ; and 
as the moon passes orer a place only once a day, 
that is» in the conrse of a rerolntion of the earth on 
its axis, only one tide could occur daily. Whereas the 
&ct is that two tides take place in the conrse of one 
day; there being a tide formed, not only directly wider 
the moon, hut on the opjposite side of the earth, direcUy 
opposite to the moon^s 'position, at the same time. This 
common notion, then, does not accord with the facts; 
and it is as easy to show that it wonld not explain 
iHkemifit did. If the moon attracted the earth in 
the manner supposed, there i$ no reason why the 
waters should he heaped up at aU, for the solid parts 
of the earth, being equally attracted with the liquid 
parts, would be equally drawn towards the moon, 
and the solid and liquid parts would thus maintain 
their relative positions. It is thus shown that the 



* L., la$er(UUi from the (adfe. 
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simple attraction of tlie moon does not explavn the 
origin of the tides. 

What really happens is, that the moon attracts 
differ&rd porUom of the earth differently at the seme 
time^ atfi'acting one portion more powerfully than 
another ; and the snn does the same. To understand 
how this attraction acts upon the earth, let ns see 
by what laws it is governed. This attraction is 
loiown as the attraction of gramtation,^ and it 
acts in the inverse proportion of the square of the 
distance. This means that the attraction of any 
body, say the moon, acting at a given distance, say 
1,000,000 miles, would "befour times as much (2x2) 
at half the distance, or 600,000 miles ; sixteen times 
as much at a quarter the distance (4 x 4), or 250,000 
miles ; one-fourth of that amount (2 x 2) at dottble 
the distance, 2,000,000 miles ; one-ninth (3 X 3) at 
tlwee times the distance, 3,000,000 miles; one-5MJ- 
teenth of the amount (4 X 4) at four times the 
distance, 4,000,000 miles, and so on. 

(&) Lunar iMes. — ^Now, to apply this to the case 
of the moon's attraction on the earth. Let us again 
suppose the whole earth to be equally covered in 
every part by the oceao. Let a, b, c, d, e (Fig. 6) 
represent the solid earth, and z, n the covering ocean ; 
M b^ng the position of the moon. 




Fig. 6. Duobam of Lunab Turns. 
It will be evident that the attraction of the 



^ From the Latin word gravis ^ heavy; for the attraction in- 
oreBMOB with the mass or weight of the body. 
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moon upon the earth at a, where it is nearest, is 
greater than it is at b or d, which are more distant, 
and still greater than at e, whidbi is the farthest 
removed. Again, the attraction of the moon npon 
the water at z, where it is nearest, will be greater 
than its attraction npon any other portion of the 
water, and at n, which is directly opposite the moon, 
tiie attraction will be least of all. 

Now, there is this difference in the effect of' the 
attractive force npon the solid and liqnid portions of 
the earth, that while the fluid portion is more or less 
free to obey the attracting force, and is therefore 
.drawn towards a point directly nnder the moon, the 
solid portion coheres together so strongly that it 
mnst obey this attraction as a whole, as the relative 
position of its particles cannot be disturbed. 

The results of this inequality of attraction upon 
different portions of the earth, are as follow : — 

i. The waters at z being nearer to the moon than 
the solid earth at A are attracted with greater force, 
and being free to move, heap themsdfves up in a 
wave underneath the moon, the water flowing to- 
wards the place in order to effect this. 

iL At the same time the soUd earth at e being 
nearer than the waters at n, is attracted with greater 
force. By reason of this the earth approaches 
towards the moon, leaving the water behind it. 

In this way the two contemporaneom ^ tides are 
formed, the one directly under the moon and the 
other exactly opposite to it, Ani this is effected, 
not by the mere attraction of the moon, but hy the 
imquality of its attraction ufpon different 'portions of 
the earth, 

Now as the earth revolves on its axis, every 
portion of its surface deb passes in succession 



L., con, together, and tempw, time ; meaning, occurring 
nt the same time. 
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under the moon, and under the opposite point h; 
and as at each of these points there is high wcnter, or 
high tide, it follows that at every place there are two 
tides daily. 

(c) Sola/r Tides. — ^Everything we have said respect- 
ing the attractive force of the moon applies equally to 
the action of the sun; so that there are sun or «oZe»r^ 
tides, as well as moon or hma/r^ tides. But the solar 
tides being smaller than the lunar tides, do not form 
tide-waves, but act as draw-hacks when the moon's 
position is in front of the sun, and as a/id$ when 
the sun's position is in front of the moon ; causing 
the tides to form slower and to be less in the former 
case, and to form quicker and be larger in the latter 
case. 

The sun is about 400 times as distant from the 
earth as the moon is; his attraction therefore is 
160,000 (400 ^ 400) times less than that of the 
moon. But as the sun's mass is nearly 28,400,000 
greater than the moon, it mnst therefore exert a 
much greater effect upon the earth. This it actually 
does; and if the tides resulted simply from the 
amomit of attraction, the solar tides would greatly 
exceed the lunar tides. But, as we have seen, the 
tides are due to the difference of the attractive force 
upon different portions of the earth ; and knowing, as 
we do, how to calculate that attraction, it is easy to 
show how it comes to pass that, though the sun 
exercises so much greater an influence upon the 
earth than the moon does, it yet produces smaller 
tides. 

The attraction of the sun or moon upon the whole 
mass of the earth is the same, of course, as if it 
were collected at the centre o, fig. 6, and the attrac- 
tion upon the waters upon the near side of the 



L., sol, the sun. * L., luna, the moon. 
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eariih tlie same as if it were collected at z, fig. 6. 
It is clear that the attraction upon z is greater than 
npon c, for it is nearer; and to find the amount of 
attraction available to form a tide, it is only necessary 
to find the amount of attraction npon G and z, and 
their difference is the power available to produce a 
tide. Li the case of the moon it is found to be 
about l-30th of its attraction upon the whole earth, 
and in the case of the sun only l-12,000th part. 
The moon therefore would produce a tide 4^0 times 
(12,000 -j- 30) greater than the sun, if it were the 
same size. But it is much less than the sun (p. 86), 
and therefore exerts a less influence. Now as the 
sun is 400 times farther from the earth than the 
moon is, its influence is diminished in the proportion 
of 160,000 to 1 (400 X 400). This causes its 
actual attractive power to form a tide to be less 
than that of the moon in the proportion of 1 to 2^ ; 
that is, the moon actually possesses 2^ times the 
power to form a tide that the sun has. Thus is 
explained how it is that the lunar is greater than the 
solar tide. 

{d) Sprvng omd Neap Tides, — "When the sun and 
moon are on the same side of the earth, as at 
new moon, the lunar and solar tides are heaped 
one on the other, and a very large tide is the 
result. The same thing happens when they are 
on opposite sides of the earth, as at full moon. 
But when in other positions, the two tides act 
against one another; and when they are ninety 
degrees apart, they are diametrically' opposed to 
each other, and a very small tide is the result. In 
the former case, the tide is the sum of the two 
tides, and is called a spring-Ode ; in the latter case it 
is their difference, and the tide is called a neap-tide, 

^ Diametrically ^ Gr., dta, through, and metron^ a meaaure^ 
meaning directly f or in the dixeodon ot Qasa&fi^At. 
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This will be easier nndersiood from the following 
diagrams, where s represents the position of the 
sun, M, m', of the moon ; b, of the earth, with its 
covering of waters. Fig. 7 showing the positions 
ia whidh spring -tides are formed j fig. 8, that in 
which neap-tides are the resnlt. The position of the 
moon when new, is shown in M fig. 7 ; full moon 
atM'. 




Fig. 7. Speinq Tides. 

I 
I 



Fio. 8, Neap Tides. 

(e) TSsiabHslimmt — The time of high water is not 
exactly jbhe time of the moon's transit over the 
meridian ; for the waters do not at once obey the 
force of the attracting bodies, but require, as it were, 
pulling for some little time before they move ; hence ' 
it happens the tide follows the moon at some 
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distance, high, water occuring two or three hours 
after the moon has passed over the place. This 
interval of time between the passage of the moon 
over a place on the day of foil or new moon, and 
the actual time of high water at the place, is called the 
estcbblishment of the place, or port, 

(J) Frimmg cund Lagging, — ^Another variation in the 
tides is caused by the relative position of . the sun 
and moon at different times. In the first and third 
quarters the moon is to the east of the sun, and the 
solar tide being to the west, high water happens 
earlier than if the moon alone caused the tide : this 
is called the priming of the tide. In the second and 
fourth quarters the reverse of this happens ; and the 
effect of the solar tide being behind the lunar tide, 
high water occurs later than it would otherwise: 
this is known as the lagging of the tide. There 
are other minor variations in the tides, which need 
not be entered upon in this place. Sufficient has 
been given to afford a good general idea of the 
phenomena of the tides. 

{g) Formation of the Tide-Wa/ue, — We have now de- 
scribed what would be the general character of the 
tides, if the entire earth were covered with water ; 
and we must proceed to give some account of them 
as they actually occur upon the globe. The effect of 
the land in modifying the tides is much greater than 
its effect upon the ocean currents ; indeed the great 
tiderwave following the moon in its course, and 
sweeping round the earth daily, never is formed, so 
divided are the waters. What may be called a 
partial tide, is formed on the eastern and destroyed 
or deflected on the western shore of each ocean ; and 
we must go far away into the Southern Ocean, be- 
tween lat. 30° and 70" S., to find sufficient expanse for 
the production of an unimpeded tide-wave ; and it 
must constantly be borne in mind that it is /rom ihiU 
southern tide that all the. tides oj tlie Inidiiau wtv.^ 
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Atlcmtic Oceans^ and, of course, of our own seas also, are 
formed, 

(h) Go'tidaV Imes. — The progress of ihe tide-wave 
is traced by means of wliat are called Go-tidal Idnes, 
which are thus formed : — ^Take any place, and find 
the time of high water on the day of full or new 
moon ; that is, find the establishment of the place. 
'Now find a number of points at which it is high 
water at the same time ; or in other words, where ihe 
establishment is the same. Draw a line through these 
points, and it will indicate the summit af the tide-wave 
at that time. Such a line is called a Oo-Udal line. 
If we trace a line through the points where the 
establishment is an hour later, we produce a second 
Co-tidal line ; and if we do this consecutively, hour 
by hour, we shall have mapped out a series of co-tidal 
lines. From such a map or chart it appears (1) 
that the tide-wave, which, if unimpeded, would pass 
entirely round the globe in twenty-four hours, requires 
thirty-six hours to perform its circuit, even in the free 
Southern Ocean. (2) We can see what time has 
elapsed between the formation of the tide-wave, and 
its airival at any given place; that is, a chart of 
co-tidal lines shows us the age of a tide. The tide is 
twelve hours old off the south of Australia ; in twenty- 
four hours, it has reached Hindostan and the Cape of 
Good Hope. Off the North of •Africa it is thirty-six 
hours old ; and off London forty-eight hours, or two 
days old. (3) This a^e of the tide makes clear a 
very important feet, namely, that the tides, say, on 
our own shores, are due, not to the direct action of 
the sun and moon at the place ; but to their action in 
the Southern Ocean. (4) A chart of co-tidal lines 
enables us to estimate the velocity of the tide-wave. 
Its average speed, if unimpeded, would be about 900 
geographical miles per hour; its actual velocity is 
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mncli less. In the Atlantic, as we have seen (p. 63), 
it is about 600 miles per honr ; from the South of 
Ireland to the North of Scotland, the rate is abont 
160 miles an hour ; on the east coast of Britain it is 
less, and continually diminishes, being about 60 miles 
off Scotland, and thirty miles an hour off the mouth 
of the Thames. (5) The tide-wave necessarily 
moves with the greatest velocity where the depth is 
greatest (p. 62). The restdt is, that while towards 
the coast the tide is, held back, in the open sea it 
progreBses much moi*e freely ; so that the shape of 
the wave is a cui^ed line, convex towards the open 
sea or deep water. This is very apparent in the 
Atlantic Ocean, where the co-tidal line along the 
coast is seen far to the south, of the same line 
in deep water. Where the depth becomes less, 
the tide travels slower, and the co-tidal lines appear 
to crowd together. This is seen to take place off the 
islands of St. Helena and Ascension, off the Bermudas, 
and again off the Azores, etc. From this it follows that 
some idea of the comparative depth of the ocean may 
be formed by a study of co-tidal lines; and the 
following simple rules may be given for the guidance 
of the student: 

Bule I. The greater the distance which separates 
the co-tidal lines, the greater the depth of water. 
And necessarily, the closer the lines are crowded 
together, the shallower the water. 

Bule II. In any co-tidal line, the curves mark the 
varying depth ; the convexity of the curve showing 
the deeper water. 

(i} Progress of the Tide-wave, The tide-wave, we have 
seen, is found in the Southern Ocean, between the 
latitudes of 30° and 70*^ ; and passing in its westerly 
course the island of Australia, it rapidly curves into 
the Indian Ocean, across which it sweeps in six hours ; 
then passing the Cape of Good Hope^ it ^gc^ 
dnaUjmore and more to the north., ^^N^kficD^^J^^sic^ 
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on with a varying speed of from 500 to 700 miles an 
lionr, and at length reaches onr shores. Still con- 
tinning its northerly conrse, it enters the Arctic 
Ocean, finally reaching the pole. It may even influ- 
ence the tides of the Pacific Ocean, by passing 
throngh Behring's Straits. 

Off onr own coast, it divides into three branches. 
The principal branch passes along the western shores 
of Ireland and Scotland; and bending ronnd the Shet- 
land Isles, flows southward down the eastern coast of 
Britain, meeting a second branch, which has travelled 
np the English Channel, near Dover. This second 
branch, which arrives off Cornwall about five, reaches 
Dover about eleven, where it meets the first branch 
as above stated. But the tide which it thus meets is 
not of the same age as itself, but is the tide which 
set out twelve hours earlier ; the branch corresponding 
to itself being then on the north-east coast of Scot- 
land. The third branch runs up the St. George's 
Channel, and forms the enormous tides of that 
coast. 

In the Pacific Ocean, the tide-waves travel from 
east to west, and are very small ; rising only two feet 
in the Sandwich Islands. They are but imperfectly 
worked out. 

{Jc) Bores, When, as in great bays and narrow 
channels, the waves are crowded together, they 
become heaped upon one another; and a sudden 
rise of the water takes place, rolling in as a 
great wave. This is called a hore. Examples are 
found in the Hooghly River, and the Amazon, where 
the bores are of such f earfol magnitude and force, as 
to devastate the entire surrounding country. On 
our own coast, the Bristol Channel affords an instance 
of a bore; the spring- tides at Chepstow, rising to 
nearly 40 feet ; and a bore 8 or 9 feet high rushes up 
the river. In the Wash, the first waves of the tide 
Bweep with, great violence, and are well known, and 
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are called tlie Aigre or Hygre,^ In the Bay of 
Pnndy, the tide rises 60 feet. The rivers Garonne in 
France, and Tsientang in China, are other instances 
of bores. 

In 'some places, from local canses, cnrions variations 
in the tides occur ; thns at Tonqnin, there is only one 
tide daily ; and at Singapore the same thing occurs. 

3. Earthquake Waves. — ^These waves are the result 
of sudden changes in the sea-bed and coast-line, caused 
by earthquake convulsions. They differ from wind- 
waves, chiefly in being much larger. The great 
wave caused by the earthquake in Japan, whicb was 
217 miles broad, has already been alluded to. The 
great earthquake, which in 1765 destroyed Lisbon, 
formed a wave which swept across the Atlantic; 
it was 60 feet in height at its commencement, and at 
the jsland of Madeira caused a rise of 12 feet in the 
water. 

8. Ice. — The phenomena of Ice will be found 
described in the article on Ice. 



CHAPTER IV. 
INLAND WATERS. 

Cirotilation of the Waters.— We may look upon the 
ocean as the source from which all other waters are 
derived. From its surface the sun's heat lifts daily 
a certain amount of moisture as invisible vapour; 
this process is ca^ed evaporation.^ The moisture so 
abstracted is dispersed over the globe by the winds, 
and is re-deposited as rain, snow, and dew ; part of 



^ An old Danish word. 
3 L., e, off, and vapor, vapour; to fly off ixv^v^-'oaL, 
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it being returned direotly into the sea, the rest falling 
npon the land. Of that which falls upon the land, 
part forms into streams, which joim'ng together 
become rivers, and flow into the sea, and part soaks 
into the ground, some of it re-appearing as springs, 
which help to swell, and in some cases form, "^e 
streams, and some finding its way deep down the ! 
earth. Thus we see a constant inierehinge^ is kept 
up between the water of the land surface and the : 
water of the ocean. If it were not so, the land 
would speedily become parched into a desert by the 
loss of its water carried oS by riyers ; and the sea, 
raised above its level by the addition of this water, 
would wash the shores of arid lands upon which no 
vegetation could flourish, no animal exist. The 
atmosphere is the great highway along which the 
moisture is carried to replenish the land, and the 
winds are the vehicles by which it is conveyed. 

Divisions. — ^We will consider this water as we find 
it upon the surface, leaving for a future chapter 
(Chap. V.) the examination of the manner in which 
it' is transferred from the sea to the land. The 
subject naturally divides itself into three sections, 
(a) Springs, (b) Eivers, (c) Lakes, 

A. SPRINGS. 
Classification.— Wd have said that part of the 
water that soaks into the land is again returned to 
the surface as springs. Bnt it must not be thonght 
that in all cases the water re-appears at or near the 

rt upon which it has fallen; sometimes indeed it 
IS so, bui in far the greater number of cases it 
has been conveyed by sxubterranean channels long 
distances, and in certaiu instances only appears after 
having found its way deep into the crust of the 



^ L., inter t between. A change between two or more ob- 
JeotB orpmons. 
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earth, there to become heated and charged Vdth 
varioiis substances, before it is forced back again to 
the surface. Under one or other of these conditions 
every spring occnrs, and it seems to us to be a con- 
venient way of classifying springs according to their 
origin. Three kinds of springs exist, under this 
view, namely : — 

1. Land ojprvngs, or snch as give back their water 
to the siir£a*ce at or near the place where it fell. 

2. Transtratic^ Spri/ngSy or snch as return their 
water to the surface at points more or less distant 
£rom the source whence it was derived. Such water 
having been conveyed or transmitted through porous 
beds of rock. 

3. De&p'Seated Sjprmgs, or such as transfer water 
to the surface from great depths, all oonneofcion with 
the original source of the water being lost. 

1. Land (or &wrf<ice) Springs. — These occur in 
situations where the bed of rock^ at the surface is 
pervious^ tb water, and is underlaid by an impervious 
bed. For example, the ordinary wells in London are 
supplied by land-spriogs, the upper bed being gravel, 
the lower bed clay. Bain falling upon the surface 
soaks through the gravel, but is prevented from 
passing away downwtards by the impervious clay; 
the gravel becomes more or less full of water, and a 
well or pond dug into it fills with water to a height 
somewhat below the point to which gravel is 
saiiantted. The supply . of such spcingii depends 
ahnost direotiiy upon the rainfall of the immediate 
district^ aiod is therefore liable to suffer in dry aea- 



^ troiw , throogh, and itratum^ a layer or bed. 

> Geologists call all materials rochs which form beds or por- 
tions of the earth's emst ; thiis> clay and gravel are rock, just as 
mixeli as granite Is. 

*L., per, thioogh, and via, a way. That vhieh can be 
pAieed thxoa^. ImiperviQM* (m oz io, not) ia th& ts<««c«i^ 
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sons. The water is also very apt to be tainted with 
refuse matter from the sewers, where a proper 
drainage system is not carried out. 

2. Transtratic Springs. — ^This class of springs I have 
so named because the water they send forth is not that 
which has fallen immediately above, but has soaked 
into the rock, at some other point, and has run throrigh 
it in the direction of the slope until the bed has again 
reached the surface. This will be better understood 
by reference to the following diagram (fig. 9), 
wherein certain beds of rock are seen as if cut 
through ; the irregular line being the sxirf ace of the 
ground. Let A B represent a water-bearing bed, and 




Fig. 9. 



C C impervious beds. Rain falling anywhere upon 
A will soak into the rock, and will work downwards 
till it is checked by the impervious bed C. The 
tendency of the water still being in a downward 
direction; it will gradually flow down through the 
pervious bed and will burst forth at B as a Bpring. 
The water appearing at having originally fallen 
at A, which may be near or many imles distant. 
This gives us one of the simplest examples of 
such springs; much more complicated cases occur 
when the beds are bent and shattered as they 
often are, but an examination of such factfi would 
lead us too much into the realms of geology. 

So far the origin of these springs seems clear 
enough ; but a difficulty arises when we consider that 
brings only appear at certain spots, and not everywhere 
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along tJiejtmcUon of a permomvyith an impervious "bed, 
as ihey miglit be expected to do. This is most likely 
owing to inequalities in the surface of thennderlying 
bed which sJlow the water to nm into channels, 
and form underground streams and reservoirs. 
We know that when water falls upon a sloping sur- 
face it does not spread equally over the surface in a 
sheet, but takes advantage of any little inequality of 
the surface to form channels down which it chiefly 
runs. Much the same thing seems to go on under- 
ground and out of sight, and on this supposition we 
can readily see why springs issue only at intervals 
along the junction of the beds. 

Some of these springs are Mermitienty^ that is to 
say, they stop for a while and then burst forth afresh. 
This seems to be owing to the water collecting in 
pools or reservoirs in the rock, and finding its way 
out through curved passages which act as syphons.^ 
When the water in the reservoir rises above the 
bend of the syphon, it begins to flow and continues 
to do so till the level of iSie water is reduced below 
the bend, when it ceases to flow, and allows the 
reservoir to fill again. Sometimes this filling and 
emptying takes place very rapidly: a well-known 
spring at Colmar, in France, rises and falls eight 
tunes within the hour ; in other cases the intervals 
are much longer, weeks and even months intervening 
between the two states. 

Artesicm Wells belong to this class of transtratic 
springs. They are borings, usually deep, up which the 
water rises naturally. In the London district several 
have been put down, and have proved very successful. 
The explanation of such wells must always be sought 



^ L., inter^ between, and tnitto, to canse to sendw Oconzring 
at intervalB. 

' Gt., iiphon^ a hollow body, as a reed. A. b«iitlT&^>%'<a>'^ 
as is used to draw beer from a barrel. 
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in the peculiar arrangement of the water-bearing beds. 
Thns, in the case of the wells just mentioned, the water- 
bearing rock is the chalk, which comes to the sur- 
face, both north and Bouth of London, in the North 
and South Downs ; and as it is found at a depth of 
300 feet below that city, it evidently lies in the form 
of a trough, which has hence been called the 'London 
basin. The water coming in from both sides collects 
under London at a great pressure, and when the bed 
is tapped by a boring, it is forced up by that 
pressure. 

Another arrangement of beds which gives rise to 
artesian wells, is such as is found in South Lincoln- 
shire, where, at Bourn, several have been made. One 
especially was formed last year (1870) to obtain a 
supply of water for Spalding, a town ten miles 
distant. The water-bearing bed in this case is a 
limestone of considerable thickness, and covering a 
large area at its owtcrop^ It slopes down in the 
direction of Bourn, and grows much thinner in the 
direction of its slope. At Bourn it is 90 feet below 
the surface. The water flowing down through the 
rock becomes pent up as the bed grows thinner, and 
when it is pierced, rises with such force as to damage 
the boring apparatus. 

Most of the springs which appear at the surfisuse be- 
long to this class of transtratic springs, but their 
varieties are too great to allow of an examination in 
this place. 

In districts where limestone rocks abound, large 
cavities, and indeed considerable rivers, occur under- 
ground, caused by the dissolving away of the lime- 
stone by the water. Some of the springs in such 
regions contain such a quantity of lime as to deposit 
it as a thick coating upon any bodies placed in the 



^ Geologists eall the portion of a bed vhieh lief at the mo* 

&ee the "outcrop," 
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waters. Such springs are known as petrifyw^^ 
springs, a very mislea&ig term, as they do not jpeirifyf 
hut only coat ihe substances with rocb^ matter. 

Petroleum^ is found in the waters of many springs, 
as in Auvergne ; but in some cases the oil itself rises in . 
springs, as in i^e case of the celebrated oil-wells of 
North Americai which yield over a hundred million 
gallons a year. In Trinidad, there is an enormous 
supply, forming the Pitch Lake. Other springs of 
petroleum, or hitumen,^ are known, as at Baku on 
the Caspian, in Zante, and in Palestine, etc. The 
substanoe is derived irom the natural distillation of 
beds of vegetable matter, and perhaps animal tissue 
helps in some cases to . form it. Petroleum is found 
in rocks of all ages, but "a large number of the oil-wells 
of the United States • . • are in Devonian rocks " 

3. Deep-seated Springs are such as well up from the 
depths of the earth, finding, their way thn>ugh cre- 
vices in the rocks. They usually contain a con- 
^derable quantity of foreign matter, which has given 
to some of them a world-wide celebrity for medicinal 
properties. Many of them have a very high tempe- 
rature, in which case they are called thermal^ springs ; 
those which contain much foreign matter are named 
mineral springs, and they are said to be 

(a) Saliney^ when they contain salt ; or, when ex- 
tremely salt, &rm^springs. As at Cheltenham and 
Epsom, Northwich (brine). 

(6) Oalcareoi^s^ ^ when they contain much lime. As 
in Auvergne and Italy. 

(c) Ohalyheate,'^ or Ferruginous,^ when iron is pro- 
sent. As at Tunbridge Wells and Brighton. 



^ L., petra, a rock, and faeio, to nuike. ^ x..^ petra, rook, 
and oleumt ofl. ' L., Htumen. Bitumen occurs nnder varioiai 
forms : petroleum is a liquid, dsphalt a solid, yarietj. ^ Gr.^ 
tftermof, hot. <aKnw, salt. c6X»>'^^« 

* Or., ehalybot, iron. « L*, fmwn^ iion. 
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(d) SiUeioris,^ when s^Z^ca, or flint, exists in them, 
as in the Geysers, Azores, etc. 

(e) SuVphwroua^ when sulphur occurs, as at Har- 
rowgate- 

(/) Oarbcmded^ when carbonic acid is fonnd, as in 
Anvergne. 

Saline, chalybeate, snlphnrons, and carbonated 
waters are much dmnk as medicines, and the places 
where they occur are called Spas, from S5p«> ^ Ger- 
many, where celebrated mineral springs exist. 
SdterSy also in Germany, is the town which gives its 
name to the celebrated Seltzer water, in which such a 
large trade is now carried on. Many other sub- 
stances occur in these mineral springs, interesting 
only to the chemist and the geologist ; but iodim 
and bromine may be mentioned here as possess- 
ing valuable medicinal properties. The largest quan- 
tity known to occur in any spring is at Woodhall 
Spa, near Homcastle. This spring was discovered 
in making a hopeless boring for coal. 
, Origin of the Constituents of Mineral Waters.— 
It is a very suggestive fact that the mineral matters dis- 
solved in these waters are the same as those which 
escape as gas in volcanic regions ; this, and their fre- 
quent thenoal character, give to these waters a highly 
probable connection with volcanic agency. Moreover, 
they occur most frequently in districts which are 
now, or have recently been, the seat of volcanic 
action. Even when far removed from such areas 
they are found in nearly every case to correspond 
with lines or centres of disturbance in the rocks. 
It may also be taken as a general rule, that thermal 
springs become less frequent and lower in tempera- 
ture the further we go from volcanic districts. The 
immense quantity of water which must penetrate into 
the earth to supply so vast a scheme must be de- 
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rived, as has been before hinted, from that portion of 
the surface water which is neither evaporated back 
into the air, nor carried off by streams, nor returned 
to the surface as land, or transtratic springs ; and 
if, as is certain, large volumes of water can thus 
penetrate from the partially moist surface, how much 
more must be supplied directly from the bed of the 
ocean ! In support of this latter opinion, it is to be 
observed that salt is one of the most common con- 
stituents of mineral waters, and nitrogen gas (which 
forms the greater portion of air) bubbles up through 
them, disengaged most probably from the air carried 
down into the earth with the water. 

Circulation of Water in the Earth.— If this idea of 
the origin of the waters of deep-seated springs be 
true, there must be a circulation of waters in the 
solid earth rivalling in magnitude that which takes 
place through the air, and Qie effect upon the rocks 
beneath must be as great as that exercised by run- 
ning water upon the surface. 

Conclusion.— From what has been said above, it 
will be gathered that the term spiring ^ is applied to 
any source of water within the earth, no matter 
whether it appears at the surface or not; for it is 
plain that the water in the rocks has been derived in 
the same manner as that which issues forth at the 
snr^Ebce. f 

It must also be borne in mind that all spring-water 
contains some mineral matter, or it would be " soft** 
and not "hard;" but the term "mineral water" is 
only applied to such as contains an unusuaUy large 
quantity. 

B. BJrVEES. 

Origin,-^The greater number of rivers ^ka^^ 
rise from the anows and gladerB oi tclqxxi^^»^^% 
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some are fed by springs, and others find their origin 
m lakes. At fi^t they are small streams, bnt as 
they travel onwards they are increased by the jnnction 
of other streams, till from tiny rivulets they become 
fall sized rivers. 

Description of a river.— To describe, even shortly, 
the rivers of the earth would occupy more space than 
we can dpvote to the subject ; we will, instead, de- 
scribe an imaginary river, explaining all the terms as 
we proceed. 

One of the principal purposes which rivers serve 
is the drainage of the surface of the land. The area 
drained by a river and the streams it receives, is 
called the hadn of the river. The parting between 
two river-basins is called the water-shed; but this 
term is better applied to the area which sheds the 
water, the term water-jparting being a more appro- 
priate designation for the line of division between 
two water-sheds. 

Now let us start with our river. We will suppose 
it to be fed by the snows of a lofty mountain-range, 
and to flow to the sea. The place where it originates 
is called the source; the place where it enters the sea 
is its mouth ; the direction it takes is its course. As 
we stand facing the mouth, that is, lookiag in the 
direction of the current, the bank on the right hand 
is called the right hank, and the opposite one the 
left hank. The depression in which the river runs 
is the chamiel^ and the bottom of the channel is the 
hed. 

At first the stream runs rapidly down the moun- 
tain slope, carrying pebbles and sand in its course, 
which, perpetually grinding along the sides and bottom 
of the cliinnel, gradually but surely deepen it. 
Reaching very broken ground, and dashing over a 
terrace of rock, it descends as a waterfall into the 
region below ; here, pent up within narrower limits 
ihan before, it rushea wi^ gceajh speed, forming 
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ra^idSf and meetiiig witli several ledges of rock, one 
under the other, it falls oyer them, and appears as 
seen from below, like a series of waterfalls one above 
the other ; such a fall is called a cascade,^ Thus it 
flows on, rapid, shallow, and quite unfitted for navi- 
gation, until it leaves behind it the mountain region, 
and enters upon the less abrupt country at the base. 
This first portion of the river is called the ujpper 
course. 

The rrdddle course, which we will now describe, 
forms the chief portion of the river. Here, large 
streams, rivalling the river in size, join it, and are 
called tributa/ries, because they contribute their water 
to the main stream. A singular fact now comes to 
light ; the river, though containing double the water 
it had before, does not sensibly increase in width, 
nay it may (as when the Missouri joins the Mis- 
sissippi) even diminish, but the extra water is easily 
carried off by the deepening of the channel, and the 
quickening of the speed. The point where two 
streams join is called the confluence,^ Throughout 
this middle course the river bends and winds about, 
its current is steady, its channel broad and deep, and 
it is navigable. 

Its loy>er course is the portion connected with its 
mouth. No important -tributaries fall into it, but 
the tide sweeps up it from the sea. At the mouth, 
the mud and sand and gravel it has been collecting 
from the first, may be carried out to sea and spread 
along the bottom ; or it may accumulate as a baiik or 
bar opposite the mouth ; or, checked by the ocean, it 
may &J1 within the estuary as the mouth is called, 
if it iSr'wide, and gradually form a triangular shaped 



> Fr., cascade t a waterfall. ^ L., etm, together, and/tio, to 
flov. ' L., astuot to boil np. 80 called from the hoiilng or 
foamifig Bom^iimes arising when the tide and m«:>QQxt»G& 
meet. 
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island, the point being directed up-stream ; the island 
so formed is called a delta} 

Additional Observatioiis on Bivers. (a) Source. 
The sources of rivers flowing in opposite directions may 
be in the same gronp of lakes, as in the rivers of 
Maine and Canada ; in some of these one river will 
pass by the sonroe of another rmming in an opposite 
direction, that is they Merloch, Again, the sonrces 
of rivers flowing in opposite directions, are some- 
times so near together, iMt boats and their cargoes 
are carried from one to the other ; this constitutes a 
portage,^ and is an important feature in some districts 
of North America. These examples show how much 
better the term water-jparimgwovld, agree with the &cts 
than the word water-shedy and it is to be hoped it will 
come more generally into use. The water-paiting need 
not necessarily mn along a mountain ridge. In 
some cases, as above shown, it has to be drawn 
arbitrarily^ through a series of swamps and laJces. 
One case at least is known where a lake has one 
outlet conveying water eastwards, and another 
carrying it to the west; this occurs in the Rocky 
Mountains. In North Europe, the water-parting 
is determined by a slight swelling in the plain. 

(&) Union of Rivers. — The basins of rivers flowing in 
the same general direction are sometimes separated 
in part of their course by such slight elevations, that 
branches flow from the one to the other. The best ex- 
ample of this kind is in South America, where the 
Oassiquavre unites the Orvaocb with a branch of the 
Amazon (the Bio Negro), Other instances occur, 
especially in the East, the Ocunges and the Brahma-' 
]pootra being a good case in point. In cm own 
country, the rivers Oi«e, WeUa/ndf and Nene, connect 



^ From the shape of the Greek letter deltaf A, d. > Fr., 
from the Latin, portarcy to carry. > L., arbiteTf a Judge* 
VependsBg on the jadgxnent or yASL 
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by ma ny b ranches in the low lands of the fen dis- 
tncfc. when the months of rivers lie near together, 
they often nnite by their deltas : the nnion of the 
Shme, the Mmse, and the Scheldt being an example. 

(c) Deltas, — ^Deltas are occasionally of large extent, 
and famish some of the most fertile spots, on the 
earfch's snrface. Egypt, said Herodotus, is the gifb 
of the Nile ; and this saying, often in the months of 
the ancient Egyptian, is no less true to-day. Lower 
Egypt is notmng more than the delta of the Nile. 
The fine, rich mnd from the interior of Abyssinia, is 
borne down by the river and deposited npon the 
desert sands of Africa, converting one of the most 
sterile wildernesses into one of the most fertile plains. 
The delta commences ninety miles from the sea, and 
its base along the coast has a total length of more 
than 200 miles. Time was when this space formed 
a great estuary, but the thin, almost imperceptible 
deposit of the Nile has, in the course of ages, 
converted it into land. It is calculated, from ob- 
servations made at Memphis, that the delta is 
between 13,000 and 14,000 years old. 

The Mississippi delta covers 12,300 square miles, 
and its average thickness is estimated at 500 feet. 
It is continually growing out into the Gulf of 
Mexico, in the shape of a huge fan. 

The delta of the Gktnges and Brahmapootra is per- 
iiaps the largest in the world. It covers 22,000 
square miles, and is of great thickness. So enormous 
is the qui^ntity of matter carried down by this river 
that "if a fleet of more than 80 Indiamen, each 
freighted with about 1400 tons weight of mud, were 
to sail down the river every hour of every day and 
night for four months continuously, they would only 
traoisport from the higher country to the sea, a mass 
of solid matter equal to that borne down by the 
Ctonges during the flood season " (jA^eH). 

The Amazona has another enoimooB ^<^>^'Vs^^^ 
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cannot here describe it. All rivers do not possess 
deltas, the material in many cases being carried di- 
rectly out to sea. 

{d) Water of Bivers. — River water, like all other 
water on the surface of the earth, contains a quantity of 
solid matter dissolved in it. This is over and above 
that described before, as goin g to form deltas, etc., 
and though not so great in quantity, is still vwy 
considerable.^ The principal materials so dissolved 
are carbonate and sulphate of lime and common salt. 
It is the presence of these which makes the water 
of rivers, like that of springs and lakes, hard. So 
small a river as the Thames, carries annually into the 
sea 83^ tons of solid matter dissolved in its water ; 
and the Bhine has been calculated to supply enough 
carbonate of lime in this manner to form the shells of 
332 millions of oysters ! 

(e) JDesc&nt of Eivers, — ^The slope down which rivers 
flow, varies in different portions of the same river. 
The upper course has the most rapid fiedl, and as the 
stream proceeds on its journey, the slope becomes less 
and less, until near the mouth it is often nothing. 
Mr. Tylor has recently shown that the course of 
rivers either actually is, or at any rate closely approxi- 
mates to, a parabolic curve, and that if the heights of 
three points in a river's course are known, the height 
of any other point can be determined. 

If the slope be 1 in 200, the stream is not navigable ; 
above that slope rapids and cascades are formed. The 

1 Rhone, a very rapid river, has a slope of 1 in 2624 ; 

1 the Volga £ei11s 4i feet in the mile on the average ; the 
Danube 2 feet in the same space, and the Nile one 
foot. 

(/) Floods of Bi/vers, — ^Most rivers are subject to a 
periodical increase in the amount of water they con- 
vey. The seasons in which these floodings take place 
vary according to (1) the latitude of the river, (2) 
iibe nature of the source &om whioh it rises, and (3) 
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from the direction of its course. In northern districts 
spring and early summer, when the ice breaks up and 
the snows thaw, are the times of flood. But in 
temperate regions, especially where there are no snow- 
clad ranges to swell the streams with their melting 
covering, flood-time varies with the season : a wet 
season being fruitful, and a dry season barren, in 
floods. The rivers of the high latitudes which flow 
northwards, as in North America and Russia, on the 
breaking up of winter are swollen into devastating 
torrents; and when, as often happens, the upper course 
of the river thaws before the ice-blocked mouth 
begins to melt, the water, finding no channel, flowa 
over the ice, and lays nnder water whole districts. 

In tropical countries, where violent rains fall within 
a limited space of time, the rivers rise with wonderful 
rapidiiy, overflowing their banks, and converting 
the neighbouring lands into sheets of water. In the 
Ganges the flood season is from June to September, 
and during these four months very nearly ten times 
as much water is discharged as during the remaining 
eight months. The Mississippi lies within the north 
temperate zone, and is flooded in the spring-time, 
when immense nnmbers of trees are torn up and 
carried doYm the stream ; these accumulate in certain 
spots, and form rafts; one of them, known as the 
raft of Atchafalaya, was *'no less than 10 miles in 
length, 220 yards wide, and eight feet deep." The 
Orinoco has a flood season, mark& by great regularity : 
the waters commence rising about the 25th of March, 
and begin to decrease about the 25th of August ; im- 
mense districts are laid under water during this season. 
The Amazon, lying the south of the equator, has 
its season of inundation at a diflerent time from the 
Orinoco, beginning to rise in November, and attaining 
its greatest height early in June. Great tracts of the 
MattOy or forest region of the Amazon, are covered 
by its floods during tiiis sea&oxu TlV^j^ '^^'b^ 
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imindation alone saves Egypt from barrenness, 
owes its floods to tlie rains of Ethiopia, but mnch 
obscurity still hangs over the subject. At Cairo, it 
begins to rise in June, and goes on increasing till 
October; after which it subsides, and reaches its 
lowest point in April and May, in which latter month 
we have walked across it a few miles above Cairo. 
The inundation waters are conveyed over the country 
by canals, and allowed to flow over the fields, 
depositing a thin layer of rich mud. 

(ff) Varieties ofBwers. — Rivers which flow into the 
sea have been called ocearde rivers, to distinguish them 
from those which discharge their waters into lakes 
not communicating with the sea, and which are knovm 
as contvnental rivers. There is, of course, no diflerence 
between these two classes (if we except the influence 
which the tide has upon some of the oceanic rivers) ; 
the fact of their pouring their water into the sea, or 
not, being a pure accident. 

(h) Tidal Bivers. — ^A few words must be said about 
those oceanic rivers up which the tide runs, and 
which are hence known as tidal rvoers. The mouths 
of these rivers are like arms of the sea, through 
which a current of fresh water flows. Their tidal 
character is often of vast commercial importance, 
allowing the navigation of rivers to an extent that 
would be impossible without it. London owes much 
of its greatness to this circumstance, for if the tidal 
flow of the Thames could be suddenly destroyed, the 
splendid vessels lying in her miles of docks must tibere 
remain until decay reduced their frames to dust, and 
the vast fleets bound for her haven, could never reach 
it, but must convey their precious stores elsewhere. 
The tide in this river is felt 70 miles from the sea. 

In some of the large rivers, the tide reaches an 
immense distance ; thus in the Amazon it is felt 576 
miles from the mouth ; in the Orinoco, 255 miles \ and 
m the F^/Zzg'-tse-EjaDg, 400 miles. 
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(t) Steppe Bwers, — One variety of continental rivers 
needs a passing notice. Some considerable streams 
that enter the porons soil of deserts and similar 



away completely. Many such cases being known in 
the steppes of Asia, they have been called steppe rivers, 
Sonth America, the North American deserts, and 
Australia, afford many such phenomena. In our own 
country, the Biver Welland is sometimes a fine stream 
at Stsmiford, and is almost entirely absorbed in 
pasfflng through the dry, porons soil of the fens ; this 
was the case last summer (1870). 

Distribution* — ^We can only allude very briefly to 
the distribution of rivers. The best way to consider 
the subject, is to group together those rivers which 
discharge into the same ocean or lake. In this way 
we find, according to Professor Ansted's estimate, 
that nearly ten millions of square miles drain into 
the Atlantic, over five and a half millions into the 
Pacific, five and a quarter millions into the Arctic 
Ocean, and over one and a quarter millions discharge 
into the lake basins of the interior of Asia. 

The principal rivers of Europe correspond roughly 
irith those of Asia. In the north, the Dvina, Mezen, 
and Petchora of Europe, answer to the Obi, Jenesei, 
and Lena. In the south, the Ebro, Bhone, Po, 
Danube, Dnieper, Don, and Volga, are represented in 
Asia by the Euphrates, Indus, Ganges, Choe Eaang, 
Yang-tee-Kiang, Hwang Ho, and Amoor. This 
comparison must be understood as nothing more 
than a rough coincidence ; but it may be useful in 
helping to fix the position of the chief rivers in the 
mind. 

In North America, the three principal rivers rise in 
the centre of the continent, but flow in different 
directions, the Mackenzie running north, the Missis- 
sippi flowing south, and the St. Lawrence journeying 
eastward. In South America, vc^ 



regions become Hterally 




dwindle 
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main streams: the Orinoco, the Amazons, and the 
Parana or La Plata ; the two first pursue an easterly 
course, the last runs in a southerly direction. 

The length of a few of the main rivers of the 
globe, are given in the following table, together with 
the names of the countries through which they 
chiefly run, and ike area of their basins in square 
miles. 
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are sheets of water formed in depressions of the earth's 
snrfBLce. When very large, they are called irdcmd seas, 
as the Caspian Sea; small mountain lakes go by the 
name of tarns. 

Lakes fall naturally into two divisions, according 
to their mode of origin — (1) those which have once 
formed part of the sea, but have been cut off by the 
elevation of a portion of the sea-bed ; and (2) depres- 
sions in the land-surface which receive a portion of 
the drainage. The Gaspiam,, and Sea of Aral are 
instances of the first class ; the great lakes of America, 
our own, and indeed most other lakes, belong to the 
second class. This classification is founded upon 
geological inferences, and may thence be called the 
geological classification of lakes. 

Again, lakes may be classified according to the 
mode in whiph they receive and discharge their waters, 
quite irrespectively of their origin. In this case we 
have a geographical classification. This gives us four 
distinct classes ; joamely, — 

(a) Lakes which receive and discharge rivers. These 
are often only expansions of the stream. The greater 
number of lakes come under this section. Their 
waters are always fresh. Lake Superior is an example. 

(h) Lakes which receive no streams, but discharge 
their water by streams. The supply is kept up by 
springs lising from the bottom. Their waters are 
always fresh. The river Volga has its source in a 
lake of this Idnd in the Valdai Hills. 

(c) Lakes which receive, but do not discharge rivers. 
They depend for the discharge of their extra water 
upon evaporation, and sometimes, perhaps, subter- 
ranean passages. Their waters are often salt. The 
Caspian is an instance in which the waters are quite 
salt; Lake Va/n, in Armenia, is brackish; Lake 
Balkash, in Western Asia, is an example containing 
fresh water. 

(d) LakfiB which neither receive ekeesc^Ti^est 
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any visible outlet. These are small in extent. Lake 
AlhomOy near Eome, is of this kind. 

This mode of classifying lakes, thongh most obvious, 
is not so good as the geological division, for it groups 
together lakes which have really but little in com- 
mon : as the Caspian, which has once formed part 
of the ocean, and waff onginally salt, and the Great 
Salt Lake, which has never been continuous with the 
ocean, but is salt because its excess of water is 
discharged by evaporation, leaving the salts behind. 

Conditions under which Lakes exist.— Into the 
origin of the depressions in which lakes occur, it Is the 
province of geology to inquire; some being believed to 
arise from partml sinkings of the land, and others 
from the grinding power of glaciers. But into the 
conditions of climate, etc., under which lakes are 
found, and to which they owe their existence and 
character, it is our duty to examine. 

Starting then with the fact that depressions suit- 
able for tibe accumulation of water do exist, we find 
lakes dependent for their character upon two features — 

1. The proportion which the supply bears to the 
evaporation. 

2. The height of the lowest portion of the rim 
or edge of the cavity. 

Let us take the case of evaporation first. Evapora- 
tion takes place from the surface of all water, and the 
amount of water thus removed is dependent, every- 
where, ujpon the extent of the surface exposed^ and not 
upon the amount of the water. A very deep lake, 
with only a small surface, may contain -as much 
water, or even more, than a shsdlow one covering a 
much greater surface; but in the former case, the 
loss by evaporation is slight, and in the latter very 
great. 

Suppose a stream to flow into a depression, the 
water will contiuue to rise, and its surface to in- 
crease^ until the evaporation equals the supply, after 
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wtioh it will remain steady. But if, before this state 
is attained, the water reaches the lowest portion of the 
depression, it will overflow. Hence we may conclude 
generally — (1) That in lakes having no outlet, the 
basin or depression is so large that evaporation 
becomes equsl to the supply before the basin is filled ; 
and (2) "diat in lakes having an outlet, the water 
supplied is in excess of that removed by evaporation. 
FmSdol this it appears that, with a given quantity 
of water as supply, a lake of only a certain size can 
be formed ; or, in other words, no matter how large 
the basin be, the river can only fill it to a certain 
height, even if it flows continuafly into it. 

Hitherto we have been considering the supply as 
constant at all seasons of the year, and the evapora- 
tion to be equally steady ; but this is not by any 
means always the case. Indeed, in hot countries, it 
often happens that when the supply is least, the eva- 
poration is greatest. In this case the lake is con- 
stantly altering in size, increasing in the wet season, 
and diminishing in the dry, hot season. To such 
an extent does this take place, that large lakes, as 
Xarayes, on the river Paraguay, have been alternately 
drawn on, and efiaced from, the maps of South 
America. Lake Tchad, in Afirica, is another instance 
of this character ; and the Australian lakes, Torrens, 
Gardner, and Eyre, afford other examples of this 
peculiar class, which are sometimes so large as to 
rank among the great lakes of the world, and at 
others have dwindled into a series of shallow, stag- 
\ nant pools. 

Salt Lakes. — The- mode of origin of certain salt 
lakes has been alluded to in speaking of the geolo- 
gical classification of lakes ; namely, those which, at 
one time forming arms of the sea, have been cut off 
by the elevation of a portion of the sea-bed. The 
largest example is that known as the Aralo-Caspian 
foes^ from its containing the Caspian Sodi 
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Lake of Aral. This area seems to have been snbject 
to very irregular movements of the earth's crust. 
There is evidence of the land between these two 
sheets of water having formerly stood at a lower 
elevation than at present, and been covered with 
water. It appears, too, that the areas, both of Aral 
and the Caspian, are decreasing yearly. This is not 
altogether due to the evaporation being in excess of 
the supply, but also in some measure to a diminution 
in the supply, the rivers pouring in less water than 
formerly, owing to the increase of cultivation, as will 
be explained hereafter, and to the loss by irrigation 
canals. 

Another class of salt lakes is very different from 
that above described. These have never formed a 
portion of the ocean, but are basins receiving their 
supply from rivers. In all cases they belong to the 
third section in the geographical classification, or 
such as have no outlet. 

The water of all rivers contains salt, which is 
usually carried into the sea ; but as the lakes nire 
are now considering have no outlet for the Water, 
the salt is left behind within the lake, evaporation 
carrying off nothing but pure water. This process 
continuing for ages, the lake growing each day 
Salter, becomes at first brackish, and at length 
quite salt. Many of the lakes so formed are Salter 
than the ocean. The saltest are Lake EltoUsk,^ in 
Russia, Lake Urimiyeh, in Persia, and the Dead Sea^ 
or Lake Asphaltites. If such lakes become dried up, 
as many have, a deposit of salt is left behind. 

Area and Altitude.—Prof. Ansted has estimated 
that all the fresh water surfaces on the globe do not 
exceed 500,000 square miles, and that the area of the 
salt lakes is somewhat less. This gives under a million 
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miles of land-surface covered by fresh water and 
salt lakes. 

The area of individual lakes of course varies from 
a few yards to several thousand miles. A few of the 
largest will be here noticed. The Gaspicm Sea is the 
largest expanse of inland water known ; its area is 
140,000 square miles, or nearly equal to that of Great 
Britain and Ireland : it is 84 feet below the level of 
the Black Sea. The Lake of Aral, in the same region, 
is 28,300 square miles, and is 33 feet above the Black 
Sea. Next in size to the Caspian is Lake Superior, 
with an area of 32,000 square miles, 857 feet above 
the Atlantic ; this, with the attendant lakes, Michigan, 
Huron, Erie, and Ontario, covers an area of 93,000 
square miles. Between the two last named occur 
the famous Falls of Niagara, where the river, 1076 
yards wide, falls' over a precipice from 160 to 160 
feet in height. The newly-discovered lakes in Cen- 
tral Africa probably rank next in size, — ^the Victoria 
and Albert Nyamzas and Lake Tanganyika. Their 
area is not known ; but the Victoria lake is estimated 
at 200 miles from north to south, and 300 from east 
to west ; the Albert lake is estimated at 360 miles 
from north to south, and 600 miles in the opposite 
direction ; their heights above the sea are 3720 feet 
and 2720 feet respectively. The Lake of TitiQaca, in 
the Bolivian table-land, is the highest lake known; 
it is 12,846 feet above the Pacific. 

Distribution. — A peculiarity in the distribution of 
the great lakes is their tendency to occur in 
groups. Thus, in North America, where the most 
important series exists, we have, commencing in 
the North-west, the Great Bear and the Great 
Slave Lakes, Lake Athabasca, Ijake Wollaston, Deer 
Lake, Lakes Winipeg, Winipegoos, and Manitoba j 
then come Lakes Superior, Michigan, Huron, Erie, 
and Ontario; the whole forming the most magnifi- 
cent series of lakes in the world. "Ko o\>CL€£\d^^^ 
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all comparable with these in size occnr thronghont 
the rest of America, North or South. In Europe, tlfe 
chief lakes again occur as a group in Finland and 
Biussia, where lakes Ladoga,^ Onega,^ Saima, Peipous, 
Ihnen etc., occur within a circumscribed area. The 
Caspian and Aral are different from any other of the 
lakes we have been noticing, as has been explained ; 
but even here a tendency to grouping is observable ; 
and if at some future period, as may be the case, the 
Black Sea should be separated from the Mediterra- 
nean, as the Caspian has been, this tendency would be 
much more striking. The two remaining districts, in 
which large lakes occur are Central Africa and Cen- 
tral Australia, and here again they are found grouped 
together. 

The only notable exceptions to this rule are found 
in Central Asia, where Lake Baikal to the east, and 
Lake Balkash to the west, are cases of large lakes 
unconnected with any group. The lake of Titi9aca is 
solitary ; and Lake Tchad, in Africa, is perhaps an- 
other instance. Besides these, there are no other 
large sheets of inland water. 

Small lakes are particularly abundant in mountain 
regions, and are often remarkable for the lovely 
scenery in which they are embosomed. Our own 
lakes in Scotland, the north of England, and the 
south of Ireland, vie in beauty with the grander 
examples among the Alps. Nearly every miountain- 
ous district abounds in lakes, but they are never of 
any great dimensions. A striking exception to this 
occurs in the case of the Himalaya Mountains, for 
they contain scarcely any lakes whatever. Lake 
Water, in Cashmere, is the largest, and it is only 
about the size of Loch Lomond. 

The largest lake in England is Wvnderm&re^ with an 
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area of 10 miles; in Scotland, Loch Lomond (43 
square miles); and in Ireland, Lough Neagh (166 
sqnare miles), whicli is, however, not a monntain 
la^e. Of the Swiss lakes, the Lake of Geneva, or 
Lac Zeman, takes the lead, with an area of 240 
sqiiare miles. 



CHAPTER V. 
VAPOUR. 

A. EVAPOBATION. 

Evaporation is that action of the snn's heat by 
which water is raised into the atmosphere in the 
form of invisible vaponr. At all temperatures water 
loses some of its substance in this way, even ice 
obeying the same law. The amount thus raised 
depends upon — 

1. The intensity of the heat : the greater the heat, 
the greater the evaporation. 

2. The amount of vapour already in the atmosphere : 
a given quantity of air, at a given temperature, 
can only take up a certain amount of moisture. 

"Water being heavier than air, it would seem 
difficult to explain why they mix so intimately; 
but this is only one of many such curious facts in 
nature. Air itself is a mixture of two gases, one 
heavier than the other, and yet they never separate ; 
indeed, they would mix again if separated, the lighter 
gas descending to mix with the heavier, and the 
heavier rising up to mix with the lighter. Why this 
is we cannot yet tell ; but we know it to be a fact, 
that if two gases be brought together, the lighter of 
the two, instead of floating upon the heavier, will 
mix with it. Now water in a state of vapour acts 
just like a gOB, mixing with the ^ -^^^Qosssi^» 
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falling, in very much the same way as sugar will 
dissolve in water without settling to the bottom. 

But as the water will not hold more than a certain 
amount of sugar dissolved or mixed with it, so air 
will not hold above a certain quantity of water mixed 
with it. When as much sugar has been added to the 
water as it will hold, it is said to be saturated ; and 
when the air contains as much moisture as it will 
hold, it is also said to be saturated. If now we add 
any more sugar, it will fall to the bottom ; and if any 
more vapour be added to the air, it will descend as 
rain. But if we heat the water we shall find it will 
take more sugar ; and the same holds good for air. 
However, there is a limit to this; for though the 
water be heated until it boils, it can only dissolve a 
certain quantity of sugar; and so it is. with air, 
though this point is never reached, for the air is 
never made hot enough. We now see the reason for 
the two laws laid down at the commencement of this 
article, namely, that the amount of evaporation de- 
pends upon the intensity of the heat, and upon the 
quantity of vapour already absorbed by the air. 

B. CONDENSATIONS 

1. Dew. — Dew is one form under which vapour is 
returned to the earth as water. Its mode of forma- 
tion is as foUows. During the day the earth has 
been continually receiving warmth from the sun, but 
when the evening comes on, and the sun has set^ 
the earth begins to give off some of this heat, or 
to radiate it, as it is called. All bodies, however, 
do not radiate equally : some, as grass, wood, glass, 
etc., being good radiators; and others, as metaJ, 
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gravel, and rock, being bad radiators. These good 
radiators part with, their heat rapidly, and the air 
in contact with them becoming cooled, cannot hold 
BO much vapour as before, and hence deposits it, 
forming dew. The temperature at which dew begins 
to be deposited is called the deW'j[>oint, and it varies 
with the amount of moisture contained in the air, 
for if the air be akeady very nearly saturated, a 
much shghter lowering of temperature will bring 
it to the dew-point than if it held but little moisture. 

Dew is often seen heavily deposited upon the 
grass and plants in a garden, while the gravel walks 
remain dry. This is because the latter is a bad 
radiator, or in other words, does not part with its 
heat so readily as the plants. 

For the deposition of dew several conditions are 
necessary: these are (1) a/riuiidcmded ski/, otherwise 
the heat cannot be radiated, but is thrown back 
again ; (2) a calm night, for if a wind blow, it pre- 
vents the. cold air remaimng in contact with the 
radiating body by removing it as soon as formed; 
(3) a wa/irm dry day preceding, to charge the atmos- 
phere with vapour, and (4) the exposure of good 
radiators. In proportion as these conditions are 
more or less perfectly found, so is the dew more 
or less perfectly deposited. In tropical countries 
these conditions generally occur in perfection, and 
consequently the dew is very copiously deposited. 

The chillmg effect of radiation extends only a very 
small distance above the ground. A thermoTneter^ 
exposed on long grass will show a temperature 18° F. 
below another placed a few feet above the grass. 
Even at two or three inches above the grass the 
chilling is only one-half. Generally the radiating 
body is about 4° below the temperature of the air 



^ Gt., therme, heat, and metron^ a measure. An infitcamfisi 
for measnr^^ heat. 
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immediately above it; bnt this tends still fnrtheir 
to lower the temperature of the air. The radiating 
body again falls below the temperature of the air, and 
this decrease may continue until a temperature below 
freezing-point is reached, when the dew becoming 
frozen is deposited as "hoa/r-froBi^ or white frost. 

The slightest covering, a light matting or even 
a cobweb, is sufficient to protect plants from the 
chilling and destructive effects of dew and hoar-frost, 
by preventing radiation, and therefore retaining a 
temperature around the plant equal to that of the 
air above. 

In some countries moisture is deposited in a state 
intermediate between dew and rain. It is called 
by the French sereiUy and has no English name. It 
is produced on fine unclouded nights, shortly after 
sunset, and falls as an extremely fine rain. 

2. Fog and Mist. — ^When the vapour in the air is 
rendered visible near the surface of the earth, or 
clinging to mountain sides, it is called fog or Trdst. 
Fogs are produced by currents of air laden with 
moisture coming in contact with the colder surface 
of the earth, by which the vapour they contain is par- 
tially condensed^ and becomes visible as fog or mist. 
Some places are much more favourable to the produc- 
tion of mists than others ; such as mountain sides, 
which obstruct the passage of the winds and condense 
their vapour; and valleys, especially those along 
which steeams flow. But generally speaking cold 
countries are foggier than warm ; the banks of New- 
foundland are especially subject to dense fogs, owing 
to the condensation of the moisture taken np from 
the heated waters of the Gnlf Stream. Sea-coasts 
are more subject to fogs than inland places. 

Dry Fogs, — This peculiar phenomenon may be 
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noticed here, though it is not produced by the vapour 
suspended in the air; indeed it receives its name from 
this fact, as the most delicate instruments have failed 
to detect any moisture in it. Dry fogs are of rare 
occurrence. One happened in 1783, which extended 
from Africa to Sweden, and covered great parts 
of North America. It commenced on Sie 18th of 
June at widely different places, as Paris, Turin, 
Avignon, and Padua, and lasted a month. • It was 
found at all accessible heights above the surface, 
was not affected by the wind, nor dissipated by rain, 
and seemed to be slightly luminous, there being 
no absolute darkness while it lasted. In 1831 another 
such fog of equal extent occurred, spreading over 
Europe, Asia, North Africa, and the United States ; 
commencing on the north coast of Africa on the 3rd 
of August, reaching Russia on the 9th, Prance on 
the lOSi, the United States on the 16th, and China 
by the end of the month. It was so dense that the 
sun could be viewed through it without the aid of 
smoked glass. Like the other fog it lasted a month. 

No explanation of these fogs has been yet given 
that is at all satisfactory. The supposition that they 
are the result of the earth passing through the 
tail of a comet is out of the question, because no 
comet was visiUe about that time, and the fog, 
though widespread, was not continuous, wide spaces 
being entirely free from its presence. Another idea 
is tlutt the fog might be the vapour and smoke from 
volcanic eruptions, as violent eruptions took place in 
the Mediterranean region in 1783. This is plainly 
incompetent to explain the phenomena, not indeed 
from the immense distances the matter would have 
to be carried,^ but from the fact that these fogs 



1 The smoke from the forest fires of the Unitod States this 
year (1871) was carried over a thousttod cs<q^ 
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liappen, as in 1831, when there is no great volcanic 
activity. A third conjecture is that they owe their 
origin to the same canse as that which brings abont 
showers of meteoric stones ; nothing is known either 
for or against this idea. So it is neither proved 
nor disproved as yet, neither has any competent cause 
been offered in its place. 

8. Clonds. — When vapour is condensed so as to be- 
come visible at considerable elevations, the masses so 
formed are called chnds. Glouds therefore owe 
their origin to precisely the same conditions as fogs, 
the only difiPerenoe beiug that in the one case the 
vapour is condensed near to the earth, and in the 
other at some distance above it. 

So long as the vapour floats as an invisible gas in 
the air, its suspension was easily accouhted for; 
but when it resumes the watery state, as in fogs and 
clouds, and still remains suspended, it is by no means 
so easily explained. Indeed we know of no reason 
why vapour when condensed should not be at once 
precipitated as rain, instead of passing through an 
intermediate state of fog or doud. 

(a) Movements. — The rate at which clouds move is 
often much greater than the speed at which the 
wind is travelUng close to the ground ; the apparent 
slowness of their motion is owing to their height 
above the observer. From 70 to 100 miles an hour 
is not an unusual speed. Some clouds, however, are 
quite stationary when the wind is blowing with great 
force, especially in mountain regions. Mount Pilate 
in Switzerland, Table Mountain in South Africa 
and the Matterhom very often afford illustrations 
of this kind of cloud. They are caused by 
the condensation of the vapour on meeting witti 
the cold mountain side, and as the chilling in- 
fluence extends some little distance from the 
mountain, the cloud does not ding to it^ but 
/ojTus before reaching, and coii^aimfiE beyond it. 
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Althougli the cloud is stationary, the material com" 
posing it is not, bat is constantly changing, as might 
soon be proved on ascending the mountain, when the 
cloud would be found to consist of a driving mist. 
The moisture in the air is simply rendered visible on 
passing that spot. 

The daily movements of clouds will be, noticed 
when the different classes are described. 

(b) Height — The cloud region in England varies 
from 2000 to 6600 feet above the ground, and is from 
2000 to 8000 feet thick, with the same temperature 
at the top as at the bottom. Certain clouds (cirrus) ^ 
however, are much higher in all countries, and even 
appear still to be at great heights when viewed from 
a balloon 23,000 feet above the earth. In the trade- 
wind area the cloud-region is somewhat higher, 
ranging from 3000 to 6000 feet in altitude. As 
a rnle the cloud-region is higher over land than over 
sea, and the farther inland we go the higher the 
clouds are ; but in the case of the trade-wind region 
this is reversed, and the clouds are higher over the 
sea than over the land. Professor Smyth while living 
on Teneriffe continually noticed a cloud-bank, dnf ting 
with a north-east wind at an elevation of 4500 feet, 
and another moving south-west, that is, directly 
opposite, at the height of 16,000 feet. 

(c) Classification. — Clouds are grouped into three 
original forms, and four arising from combinations of 
the others. The names are as follows : — 



QriginaU 

1. Cimu,^ or curl oload. 

2. Ciimnliis,^ or sammer oload. 

3. Stratns,^ or fall cloud. 



Combined, 

4. Cixro-stratns. 
d. Cumnlo-stratos. 

6. Cirro-cxunnlns. 

7. Nimbus, or rain cloud. 
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1. Oirrus, — These clonds are so called from the 
beautiful curl their fragments often assnme. Mackerel 
skies, mare's tails, and cat's tails, are some of the 
forms these light fleecy clonds present. They have 
a remarkable tendency to form into parallel bands, 
each belt being composed of light airy fragments. 
These bands at the equator extend from north to 
south; in higher latitudes, as in England, they 
stretch from north-east to south-west, varying how- 
ever from that to north-west and south-east. They 
are the highest of all clouds, being seldom less than 
three miles (15,840 feet) high, and often five or six 
miles (26,000 to 30,000 feet). They are believed to 
consist of vapour below the freeziug-point, that is, 
they are composed of minute particles of ice and 
snow. Among these clouds the mock suns, which 
form so striking a feature in Arctic voyages, are 
formed. 

2. Cumulus, or summer clouds, are those rounded 
forms which are often grouped together in fantastic 
shapes; a very common appearance being that of 
a range of snow-crownei mountains glistening in 
the sun. Sometimes they appear as dense masses 
covering the whole sky. They are formed soon after 
sunrise, and ascend higher as the day advances, 
melting away towards evening, when the ascending 
currents to which they owe their origin give place 
to descending currents. ; 

3. Stratus or fail-cloud, is the name given to the ! 
bank of clouds which spreads along the horizon to- ! 
wards sunset (the fall of the day), and vanishes at 
sunrise. The mists which creep over the meadows 
and along the valleys, belong to this class of cloud. 
It is formed by the vapours which rise from the 
earth as it cools by night, and is dissipated by the 
warm rays of the succeediug day. 

The remaining clouds are as their name signifies, 
merely combinatiom oi the a\)0^e) T^aartsaJdn^ of the 
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character of two of them. The seventh class, the 
NimhuSy or rain-cloud, is distinguished by its leaden 
grey colour, and, often when discharging rain, by 
the ragged appearance of its lower portion, which 
seems to be frayed out. This class of cloud is 
formed from any of the others, except the cirrus, es- 
pecially from the cumulo-stratus, and is always low 
down, ranging from 1000 to 5000 feet. 

4. Rain, (a) Formation, — ^When currents of air 
laden with moisture are so cooled that they cannot 
hold all they contain, a portion is discharged as 
rain. If the air holds the water as invisible vapour, 
and is then cooled, a cloud is first formed and after- 
wards the rain is deposited. Sometimes clouds form 
and discharge very rapidly ; sometimes the process is 
very protracted. The cooling of the moist currents 
of air may take place in the atmosphere, or by contact 
with the sides of moxmtains. In the latter case it 
may hapi)en that the mountains are so high that 
every trace of moisture is wrung from the wind 
before it reaches the summit, in which case it passes 
over to the opposite side of the chain as a dry wind. 
In this manner the rainless districts of South 
America arise; the warm, moist winds from the 
Pacific discharging their vapour in copious rains on 
the western slope of the Andes, leaving their last 
tribute as a snow capping to the mountains, and then 
passing on to the desert regions in question. 

The opposite to this takes place when a moist wind 
traverses a dry, hot region; as when the winds blowing 
across the Mediterranean reach the coast of Africa. 
The air becomes heated, and its capaciiy for holding 
vapour increased, so that the clouds, apparently ready 
to discharge as rain, become dissipated into vapour ; 
instead of which, the desert sky is always bright and 
dear, even when the coast and sea are overcast with 
cloud. 

(&) Amowit of Bamfall — The rainfall at i^\ai;^\& 
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estimated in inches ; thus, when it is said that the 
mean annual rainfall in England is 30 inches, it 
means that the amount of rain falling in England in 
a year is sufficient to cover it to a depth of 30 inches. 

Speaking generally, the greatest rainfall is in the 
tropics, and it decreases as we recede from the 
equator. In the tropics the average rainfall is about 
96 inches per annum; in the temperate zones, 36 
inches ; and in high latitudes, much less ; in latitude 
60** it is only 16 inches. The average for the Whole 
earth is about 60 inches. These results are not to be 
taken as more than mere appro^dmations ; for the 
rainfall is so dependent upon local circumstances, 
that vast areas occur within the tropics where no 
rain ever falls, and some places in temperate regions 
have an almost tropical rainfall. 

The greatest actual rainfall is in Guiana, Brazil, 
and north and western India, where the average is 
over 300 inches. At Cayenne, in Guiana, 21 inches 
have been known to fall in 24 hours, and at Chirra- 
poonjee, in Bengal, 30 inches fell in the same space 
of time. . Dr. Hooker records a fall of 630 inches 
between June and November, 1850, the most ex- 
cessive rainfall ever witnessed. These exceptionally 
large deposits are not confined to hot countries ; for 
instance, at Seathwaite in Cumberland, 162|- inches 
fell in the year 1862, and only 20 at Bishopswear- 
mouth in Durham. The explanation of these cases, 
in aU instances, is, that warm moist winds are inter- 
cepted ^ in their passage by mountain chains, and 
forced to ascend their sides, and, becoming cooled, 
discharge their moisture as rain. 

(c) Conditions. — The most favourable condition for 
the production of a large rainfall, is exposure on a 
coast to warm moist winds blowing from the sea ; if 



^ L., infer, between, and eeptum, taken. To take away by 
Hon^Jog in between, to out off. 
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the coast be high, the rainfall is increased. The west 
coast of Great Britain is exposed to the Atlantic 
Ocean, while the east coast has the continent of 
Europe opposite to it. The south-west is, therefore, 
the rain- wind, and the north-east the dry wind; 
accordingly we find that the average rainfall on the 
west coast is 46 inches, and on the east coast only 
27 inches. The influence of elevation is seen in the 
cases of Liverpool and the Lancashire moors ; the 
former, lying low, has a rainfall of 22 inches, while 
45 inches fall upon the high ground of the latter. 
Again, the mountain region of Europe has an average 
fail of 42 inches, and the plains only of 23 inches. 

The unfavourable conditions are, itemoteness from 
the coast ; exposure to winds coming from a colder 
region ; situation under the lee of high land which 
intercepts the rain- winds ; and, in hot countries, the 
absence of vegetation. When these conditions are 
perfectly fulfilled, rainless districts are the conse- 
quence. 

(d) Distribution of Bain through the Year, — The rain- 
fall at any place is not distributed equally through 
the year ; in some cases it is crowded into a short 
space of time, during which rain fiiUs very heavily ; 
in others, it is more evenly spread over the year. Li 
the tropics, where the rainfall is greatest, the number 
of rainy days is least; and as the amount of rain 
decreases, the number of rainy days increases. The 
number of rainy days in temperate climates depends 
largely upon the conditions mentioned in the last 
paragraph. The influence of the S.W. rain-wind of 
the Old World is seen by the fact that on the west 
coast of Ireland it rains on 208 days in the year ; in 
England, the average is 162 days; in central Germany, 
141 days ; and in Siberia, far away from the coast, 
60 days is the average number. 

The tropics are the regions of periodical rains. 
In those districts the year is divided ixkto 
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and dry seasons, which are determined by the lati- 
tude of the place and the position of the snn. As 
the sun moves north of the equator, the rain follows 
it; and hence the rainy seasons in the northern tropic 
region are between March and September. Between 
the parallels of 6° and 10° N. and S. latitude there axe 
two rainy seasons, one each time the sun passes over 
on its journey to either tropic. South of the 
equator, the rainy seasons are in the latter and early 
portions of the year, the sun being at those times 
overhead in that particular region. 

In the Indian Ocean it is not the position of the 
sun that directly influences the rainy season, but 
the monsoon Which happens to be blowing on to 
the coast. Hindostan aflbrds a good example of 
this dependence of the rainy season upon the 
monsoon. While the S.W. monsoon is blowing (from 
April to October), the western coast is watered, and 
the eastern coast has its dry season. When the 
N.E. monsoon prevails (October to April), the east 
coast has its rainy season, while the west coast 
enjoys fair weather. 

The regions beyond the tropics, are the districts 
of variable rains. In these localities the rain is 
not confined to any particular season, but falls in- 
discriminately throughout the year. The showers 
are much gentler than in the tropics, and they 
fall as often by night as by day, whereas the 
periodical rains usually fall between the hours of 
noon and five o'clock in the afternoon. 

The rain is not equally distributed through the 
various months, but is more prevalent in some than 
in others, hence the north temperate zone has been 
divided into regions of summer^ auturm, and winter 
rains. 

(1) Summer Bairn. — The district over which the 
chief rains fall in the summer months indndes all 
Central Europe, the Carpathians, Qermany north an^ 
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east of the Alps, North Switzerland, the Netherlanas 
(except the Bhine delta), Demnark, and Southern 
Scandinavia. 

Aubumn Bains, — The district of autumnal rains 
embraces north-western .Scandinavia^ the British 
Isles, the Bhine delta, nearly all France, northern 
Spain and Portugal, the north of Italy, Turkey, etc. 

Wmter Bains. — This district covers northern 
Africa, Southern Spain, and Portugal, the south of 
Italy, Greece, and north-western Asia. 

In extra-tropical South America, winter is the 
season when the greatest rain-fall occurs; but in 
Tierra del Fuego, it is said to rain and snow almost 
continually. South Africa and Australia also have 
their rainiest seasons in the winter months. 

Stmmary, Notwithstanding the extreme vari- 
ability of the rainfall, the earth may be divided into 
three rain-provinces. .One zone of periodical rain, 
included within the tropics ; and two zones of vari- 
able rain, one lying to the north, the other to the 
south of the tropical zone. In the zone of periodical 
rain there is a narrow belt lying between 4° and 9"* 
N. latitude, upon which rain falls nearly every day. 
This is called the zone of comtami freoijpitationy and it 
is coincident with the equatorial belt of calms, to be 
described in the article on Winds. 

5. Baioless Districts. — The greatest extent of rain- 
less country is the immense desert region which runs 
almost uninterruptedly from north-west Africa into 
tiiie centre of Asia. It is naturally divided into two 
districts, one west of Hindoo Koosh, and including 
the deserts of Persia, Syria, Arabia, and Africa, 
and the other lying east of those mountains, and 
known as the desert of Sha-mo, or Grobi. We 
will call the former the Western rainless district 
of ihe Old World, and the latter, the Eastern rainless 
district. 

(A.) Old Woblp. Westeni Bmnlew lyl^w*..— 

-8. 
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This disirioi has an area of about 8,000,000 square 
miles. It is for the most part a waste of sand, 
lying perfectly even at a slight elevation above the 
sea, being lower on the west than on the east. 

While the sun is north of ihe equator, this r^on 
lies within the sweep of the N.E. trades, which, 
having travelled entirely over land (the Mediterranean 
excepted), are dry and parched before reaching this 
district. When the sun goes south, the region oomes 
more within the sweep of the anti-trades, which have 
long since deposited ti^ieir moisture upon the western 
coast of Africa. 

Eastern Rainless District — The area of this dis- 
trict is about 2,000,000 square miles, and it owes its 
aridity to the same causes as the western district^ 
namely, its situation within the sweep of the trades, 
and to the cutting off of the supply of moisture 
from the south by the intervention of the Himalaya 
mountains. 

(B) NbwWobld. The rainless districts of America 
amount in all to less than a million square miles. 
They owe their character in every case to their 
situation under ihe lee of mountain chains, which 
intercept the rain-winds. 

The region of California and ITtali is cut off ifom 
its supply of rain by the Bocky Mountains, which 
receive &e anti-trades on their western slopes, and 
drain them of the moisture tibey contain, after which 
they flow onwards as dry winds. 

The Mexican Plateau, the west coast of Guatemala, 
and the coasts of Peru and Bolivia, lie within the 
region of the N.E. trades, which deposit their rain 
on the eastern slope of the mountains, and are hence 
dry when they arrive at the above districts. 

Patagonia is nearly rainless, as it lies under tie lee 
of the Andes, whidi intercept the anti-trades, the 
rain- winds of that area. 
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a oertain alidhidey water oan at no time exist nnfrozen. 
In the summer months this elevation is mnch greater 
than in the winter ; 1»iit it is at no period so far above 
tibe level of the sea that the pes^s of high moun- 
tains do not reach it. There is, in fact, perpetnallj 
hovering over onr heads, a region wherein the climate 
is as rigorous, the cold as intense, as is fonnd amid 
the polar snows. In summer it is lifted so as not 
to touch the surfa<» at all in our hemisphere; but 
we are reminded how near it is to us by the snow- 
capped mountains and the cirrus clouds floating in 
€tie air. In winter it settles upon a large portion 
of tiie northern hemisphere, and is raised from the 
soutiiem hemisphere, upon which it rested during 
our summer. If we t»ke a common terrestrial globe 
of the large size used in schools, and put a case over 
it to represent this cold region hanging over us, it 
would fit so closely as to seem to touch in every 
part ; and if we were to cut the globe and its case in 
two, no space could be seen be^een them. At its 
greatest altitude, under the equator, it is not four 
miles above the sea. Its summer height is known as 
the MoW'lmey because, when mountains reach it, they 
are capped with snow. The sun's heat alone maintains 
this cold region suspended ; and when that heat is 
diminished, as in winter, we find it approaches nearer 
ta us. Geologists assure us that the time has been 
when it settled so close to the earth that intense cold 
prevailed everywhere. 

The elevation of the cold region differs in the same 
latitudes, owing to local circumstances. As we judge 
mostly of its altitude by the snow-line, this fact is 
usually expressed by saying that the snow-line varies ; 
but as the cold is there, whether there be mountains 
or not to pierce it, a more correct expression is, that 
the cold region varies in height in the same latitudes. 
Mountains are a cause of this variation^ aaid «o ex^ ^ 
circumstances which tend to modify ^iia ^^vovsb^v 
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ttie raising of the temperature is equivalent to push- 
ing the cold region further from the earth. 

Snow-Une, — ^The elevation of the cold region at the 
warmest part of the year, is the point at which the 
sun's rays cease to be powerful enough to melt snow. 
When mountains are sufficiently high to reach that 
point, the moisture is deposited npon their smnmits 
as snow, and would continnally increase in thickness 
if it were not relieved by glaciers. In the tropics 
the mean elevation of the snow-line is about 15,000 
feet. At Quito, on the equator, the snow-line is at 
15,796 feet ; to the north it diminishes, berug at 14,772 
feet, in. latitude 18°. Southwards the snow-line rises 
for a time in Peru and Bolivia, reaching the elevation 
of 17,000 and 18,000 feet; it then again sinks, being 
found at 13,000 feet in North Chili, 12,780 feet at 
Valparaiso, in Central Chili, 8000 feet in South Chili, 
and so decreasing to 3390 feet in the extreme south 
of the contiuent of South America. 

The eflfect of the desert region of Asia is seen in 
the remarkable phenomenon of the snow-line being 
higher on the north than on the south side of the 
Himalaya Mountains. On the north side the snow- 
line averages about 17,000 feet, on the south side 
only about 13,000. 

On Kilmanjaro, in Africa, the snow-Hne is at 
17,000 feet, on Etna at 10,000, on the Pyrenees at 
9000, on Mont Blanc at 8500, in Central Norway at 
4000, and on the Arctic Circle at 2000 feet. 

On the North American Continent the snow-line 
decreases in altitude much more rapidly ; and in the 
Southern Ocean snow remains nnmelted through the 
year at the sea-level in latitudes correspondmg to 
Yorkshire. 

(&) Limits of the Fall of Snow. — Snow never falls at 
the sea-level within the tropics. It has been known to 
£all at Canton, on the tropic of Cancer ; but ^hip is a 
reijr exceptional occnrrencei. 
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In the western portion of the old world snow is 
rare below the 45th parallel ; bnt it does fall as far 
south as latitude 30°, there being probably no place in 
Europe where snow is not seen sometimes. 

In the eastern portion of North America, snow has 
about the same mnit as in Europe, but on the west 
coast it does not fall below latitude 48°. 

In the southern hemisphere snow rarely falls below 
latitude 48^ but it is an occasional visitant in Cape 
Colony (lat. 32°), and at Sydney (lat. 38*'). (HerscJid,) 

(c) Nature of Snow, — snow-flake is not a con- 
gealed drop of rain; but a beautifully crystallized 
particle of water. When the temperature falls con- 
siderably below freezing point, during a snow-storm, 
the crystals can be very easily seen. They usually take 
the form of stars, always having six sides or rays, which 
. branch off at an angle of 60°. Over a hundred 
different forms have been noticed, and there are 
probably many more ; but in all their beautiful and 
fantastic variations the same siz-sidedness is observed, 
and the same angle of 60°. 

Snow is a bad conductor of heat ; and it acts upon 
. the ground and vegetation upon which it rests in the 
same way as the "cosy" acts upon the tea-pot, prevent- 
ing loss of heat by radiation. It is, therefore, a valuable 
protection to vegetation during the severity of winter, 
saving many plants from certain death by freezing. 

7. Hail, (a) Formation, — Hail is believed to be 
formed in the tiigher regions of the atmosphere ; but 
its origin is not clearly established. It is in some way 
connected with a change in the electrical condition of 
the atmosphere, for thunderstorms very frequently 
happen while hail is falling. 

(S) Nature. — Hail-stones are formed of opaque, 
frozen water; they are- sometimes coated with trans- 
parent ice, and occasionally consist of layers of snow 
and ice. Their usual form is pear-shaped*, \svsLt» "Py^i.- 
Bamsay has Been them asauxoB ttie ioTcm 
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prisms. Their size is nsnally small; but occasionally 
they are as large as hens' eggs, and masses haTo 
been known to fall measuring a yard in diameter, 
formed by the freezing together in the atmosphere of 
a number of large hail-stones. 

(o) SaiUstonm cmd their Distribution, — Hail-storms 
are most common in the summer season, and in the day 
time. They are usually very limited in their extend 
but are destructive in tiie extreme to crops ; so much 
so, that a Hail-storm Insurance Company exists, for 
the purpose of insuring farmers against tiie damage. 
Much damage is done to buildings during severe h^- 
storms; and animals, such as deer, sometimes fall 
victims to their fury. These storms occur in nearly 
all latitudes, but are most frequent in situations near 
to mountaiiis. They are rare on the low plains in the 
tropics, but common at an elevation of a few thousand 
feet. 

8. Ice. (a) Formation, — TaJce a vessel containing 
water ; mark the height at which it stands, and then 
heat the water, and it will expand. If, now, we 
allow it to cool, it will decrease in volume until the 
temperature has fallen to its original point, when the 
water will occupy the same space once more. Suppose 
the water to be still further chilled, it will continue to 
shrink in volume until the temperature of 39° F. is 
attained, when the shrinkage stops. At this tem- 
perature water is denser, and therefore heavier, than 
at any other. If the temperature fells below 39** F. 
the water again expands, and continues to do so 
down to 32° F., when it freezes, and, becoming solid, 
is called ice. 

The expansion above described is of very great 
importance, since without it ice, which now floats 
upon the surface, would sink, and rivers and lakes 
would become converted into solid masses of ice^ 
destroying all living things, both animals and plants, 
wluab Snd their homes in ihe walK(xa. Aait ia^ ice is 
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only nine-ientha the weight of water, or in other 
words, floating ioe has one-tenth of its bulk above 
water. 

(6) Siructfure of Ice, — The act of freenngis a process 
of crystallisation, and if a piece of dear ioe be taken, 
and a ray of light be passed throngh it, the crystals, 
by the partial melting of the ice, become visible as 
six-rayed stars, the same character as we found in snow. 
Pure ice fonnd in calm weather on the still snrf ace of a 
lake is almost free from air, and all ice consists of pure 
water, no matter what foreign substances may be 
dissolved in it. The ice of frozen seas contains no 
salt^ except a little * accidentally entangled in its 
pores. 

Gl^cdsbs.— The valleys of many of our snow- 
capped mountains are filled with huge masses of ice, 
oailed gladersy^ which creep down below the snow- 
line into warmer regions, and terminate as a wall of 
ice which rapidly melts and gives rise to a stream. 

(o) Origin, — Glaciers have their origin in the snows 
of moimtains. If this snow were not in some way 
removed, it would go on increasing year after year to 
an enormous thickness, and would add appreciably 
to the height of the mountain. This does not take 
place, for the snow is constantly being removed, 
partly by evaporation, chiefly by glaciers. The lowest 
portions of the snow upon the mountains have to 
sustain great pressure from the overlying mass; 
where it is deepest the pressure will be greatest. 
In the valleys the snow gets pressed into a compact 
mass, which is called neve^ftam which n6ve the glacier 
is formed by fiirther pressure. A glacier is a river of 
ioe ; and if we follow it to its termination, we And it 
converted into a river of water. The Rhone, for 
example, rises from a glacier. 

(&) Structure qf Qlacier'ice, — The ice of glaciers is 
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not like that formed on rivers and lakes, bnt is striped ; 
being made np of alternate layers of dear bine ice, 
and less compact white ice. This pecnliar veined 
structurey as it is called, is the resnlt of ice being 
formed from snow nnder great pressure, just as 
the similar flakiness of pnff-paste is caused by con- 
tinned rolling. The veining is always at right angles 
to the direction of the pressure. 

(c) Jbescrijption of a Glacier, — The surface of a glacier 
presents every variety of appearance, from comparative 
smoothness, to extreme mggedness, when the ice is 
broken up into fantastic pinnacles. In many places 
gaping fissures called crevasses^ abound, down which 
streams, formed by the melting of the surface, are 
precipitated. The sides of the glacier are lined with 
an accumulation of stones which have fallen on to its 
surface, and are carried onwards to be finally de- 
posited where the glacier ends, far away from the 
point from which they were broken. These lines 
of stones are called lateral^ moraims;^ the heaps de- 
posited at the ends of the glaciers, termdnal moraines. 
When two glaciers join, the inside moraines of each 
unite, .and being carried onward by the movement 
of the glacier, form a medial^ moravne in the centre 
of the glacier. It is partly from the presence of 
moraines in districts, such as England, where no 
glaciers exist, that their former presence is inferred. 

The glacier moves onward until the melting of the 
ice equals the rate of movement, and the end of the 
glacier ''may be compared to an endless file of 
soldiers, pouring into a breach, and shot down as fast 
as they advance." The bed of the glacier is usually 
tunnelled by the water which falls through the 
crevasses ; and at the termination, a stream laden 
with mud and stones issues from a cave of ice. 



^ Fr., crevasse, > L., lateralist the side. • Fr., moraine, 
^ li., medians. £be middle. 
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(<Q Natme of Motion, — Careful observation has 
sbown that the motions of glaciers and rivers are pre- 
cisely the same. The sides of the glacier, retarded by 
rubbing against the banks, move slower than the 
centre, and the surface moves faster than the bottom. 
The line of fastest motion occupies the centre where 
the glacier is straight, and draws off to the outside 
of the curve where the course is sinuous} In all 
these respects it exacJtly resembles the flow of water 
in a river. The rate of movement is gi'eater in sum- 
mer than in winter, and the yearly motion varies 
in different glaciers from 14 feet to 700 feet. 

(e) Cause of Motion, — Ice being a solid, it is difficult 
to see how a glacier can move in the manner just 
described ; and this difficulty is increased when we 
consider that the valleys through which glaciers flow, 
are of varying width and irregular course. It is plain, 
that if the glacier were a rigid mass of ice, its 
various portions could not move at different rates, nor 
could it adapt itself to the changing size and shape of 
its valley, any more than a rigid bar of iron could, by 
pushing, be made to move quicker in one part than 
another, or be driven through a winding groove 
contracted in places to less than the width of the 
bar. 

If ice were plastic, like tar or treacle, all these 
difficulties would vanish ; but it is not. It, however, 
possesses a peculiar property, called regfeZa^^o?^,* which 
enables it to act much as if it were plastic. If two 
pieces of ice be brought into contact, they imme- 
diately freeze together. A shapeless lump of ice 
placed in a mould, and broken into small fragments, 
will freeze into a solid piece of ice the shape of tho 
mould, if pressure be applied to make the fragments 
touch. It is regelation which effects these changes. 
In consequencd of this properly, the glacier can be 
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squeezed throngli narrow gorges and QironitoTis val- 
leys, for the ice becomes broken, and again £cee«C0, 
and so works its way along. 

(/) ^ff^ of Glaciers. — Glaciers reKeve the moiin< 
tains of tbeir excessiye snows ; but besides this, thq 
operate very powerfdlly upon the rocks over which thm 
pass, gpTindmg them into dome-shaped masses^ whido 
are celled roches moutonmeSf^ from a fancied reseni' 
blance to sheep's backs. All the surfaces oyer whiot 
a glacier passes are scratched and polished by ttu 
pebbles frozen into the bottom and side of the io8 
and often blocks of stone are perched in strann 
places where the ice has shrunk below a former levd 
There is evidence of aJl glaciers having been mud 
larger than at present, and large tracts of countr; 
show evidence of their former presence in th 
rounded forms and scratched surfaces of the rocks 
An ordinary photograph will show, that the highes 
portions of mountain ranges are peaked, while th, 
lower parts are moulded into tamer formB by ice 
action. Oreat Britain, and many other conntria 
offer unmistakable evidence of glacial action. 

(g) Size, — Glaciers, like streams, are of all sieefi 
The great glaciers of the Alps are between ten 
and twenty miles in length, and with an averag 
breadth of a mile. The Himalayas, Greenland 
and other parts of the world possess much large 
glaciers. 

lOEBEBos. — ^In high latitudes glaciers descend t 
the sea, and immense masses breiSdng off, float awa 
and form icebergs. They vary in size from smaj 
blocks to huge masses, several niiles in circumferenol 
and two or mree hundred feet above the water : thi 
height must be multiplied by nine to give an idea c 
the thickness of the whole, since for every par 
projecting above the surface, &om eight to ten part 
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ire Bobmerged. Large icebergs haye been seen 
aground in 1500 feet of water in Baffin's Bay. 

(a) lAmiU to which Icebergs extend. — The limits of 
ioebcorgs are of conrse determined by the size, for the i 
larger they are, the longer they taJce to melt ; and 
the further they are carried by currents into the 
warm regions. In the Atlantic, the icebergs are car- 
ried by the polar cnrrent down the western coast, 
and occasionally reach as far south as the latitude 
of the Azores (40°) : from the south, ioebei^ travel 
northwards, very near to the Cape of Grood Hope 
(80^). 

(6) Uffecta of Icebergs, — Large icebergs sometimes 
strand on the coasts of Newfoundland and Iceland, 
and remain for years. During this time so cold does 
the oh'mate become, that the crops fail. Bad weather, 
rain, and clouds accompany them, and they are often 
shrouded in mist. Like glaciers they are laden with 
stones, which are strewn over the bottom of the sea 
as they melt, giving rise to thick beds, such as we • 
now find over parts of our own country. 

G-EOTTND Ice. — Singularly enough, under some 
oxrcnmstances, ice forms at the bottom of rivers and 
ponds. This, has been noticed in the Thames, and in 
the rivers of Siberia, and we have seen the same 
thing in the rivers of the Fenland. This ice is 
called ground-ice. It is formed more readily under 
clear than under cloudy skies, and on rocky and 
pebbly than on muddy beds. Its origin is obscure, 
but we may perhaps liken it to a subaqueous^ 
koor-frost^ caused by radiation from the surface of 
Ae bottom. 

Sea Ioe. — ^The sea freezes at a temperature of 28|** 
or lower than fresh water. The ioe is fresh, 
bat contains a little salt caught up in the process of 
freezing. The frozen surface forms what is called 



Xf*, sub^ nnder; and aqua, 7(%h6t. 
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fielcUice, and when the warm weather causes the field 
to break up, the fragments crash together with ter- 
rific force, and become piled np to immense heights : 
it is then called jpacJc-ice, Drifting ice-fields are called 

floes. 

Limits of Ice-Fields, — The polar seas are entirely 
closed during great portion of the year, beii^ open 
for a few months only in summer. The ice has its 
usnal southern limits, in the North Atlantic, to the 
north of Iceland, bending somewhat southward to- 
wards the American coast. In the south there is a 
permanent ice-pack extending from the 65th to the 
70th parallel of latitude, which at all seasons bars the 
further progress of vessels. 



CHAPTER VI. 

VOLCANIC ACTION. 

Definition and Divisions of the Subject.—" Vol- 
canic action," says Sir 0. Lyell, " may be defined to be 
the influence exerted by the heated interior of the 
earth on its external covering." In considering tbia 
subject we shall examine 

1. The proofs of the existence of a heated interior. 

2. The phenomena of volcanoes. 

3. Earthquake movements. 

4. The rising and sinking of land in countrieft 
where there are no volcanoes.* 

i; Proofs of a Heated Interior.— Li a former 
chapter we have remarked that the shape of the earth is 
precisely such as it would acquire if it had cooled 
from a molten mass revolving upon its axis (p. 6). 



' Fukanus, belong^g to "YxdottXi, %Qd of fixe. 
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We shall here consider whether there yet remains 
any of l^is central heat capable of raising the tem- 
peratore of the globe above what it wonld acqnire 
from the sun's heat alone. The presence of hot 
springs and volcanoes over such wide-spread areas 
wonld in itself afford strong grounds for believing 
in the existence of subterranean^ heat, and ex- 
periment has shown that as we descend into the 
earth's crust, the temperature in all cases rises. In 
very deep Artesian^ wells, the temperature of the water 
is tdways found to be higher than water at the sur- 
&ce ; thus in the celebrated Artesian well at Qrenelle, 
near Paris, sunk in 1834, water rose from a depth of 
over 1800 feet, having a temperature of 82° F. Now, 
as the average temperature of springs in that district 
is about 52** F., this gives us an increase of SO'' F. at 
a depth of 1800 feet, or 1** F. for every 60 feet in 
depl^. Many other instances may be cited, but as 
the result is in all cases similar, eiuimples need not 
be multiplied. 

The fullest examination into the internal tempera-, 
ture of the earth has been made in mines, and the 
results are briefly as follow. The influence of sum- 
mer and winter temperature is felt to a depth of 
about 100 feet. Within this zone of variable tern- 
perainire^ as it is called, the cold of winter and the 
neat of summer exercise a distinct influence. Beneath 
this occurs a line of vnvaridble temperature^ in which 
the same temperature is found to continue through- 
out the year.^ This temperature though constant for 
•ny given place, is not the same everywhere. De- 
scending below this line, we come to the region 
in which a gradual increase of temperature is ob- 



^ L., 8uht under, and Urra^ the earth : nnder ground. ^ From 
Artoii, in France, where they were used many years ago* 
* In the vaults of the Paris Ohserratory, 88 feet below ue 
Borface, the thermometer inTariably 9taiidB«i\> ^"^"^ "S. 
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served as the depth increases. In making obser^a^ 
tions on the rate of incjrease, the following sonroes 
of error must be avoided; (1) the influence of oiu> 
rents of air of different temperatures in the nund; 
(2) the fiiction of working ; (3) the heat derived from 
the men and candles ; and (4) from the gunpowder 
used in blasting. All these tend to elevate the tem- 
perature, but after they have been allowed for, there 
still results a most marked increment^ of tempera* 
ture, affording not the slightest grounds for doubt- 
ing the existence of intemaL heat. The &ct8 brought 
to light by these experiments, may be thus summed 
up. 

1. That in all cases there is a progressive in- 
crease of temperature as we descend, after ihe xone 
of variable temperature is passed. 

2. That this increase, though constant, is not re- 
gular, but that it differs — 

(a) at the same depths within limited areas ; 
(h) at the same depths at different periods. 

3. That these irregularities may probably arise-' 
(a) from a difference in the conductibility of 

various rocks, some becoming heated and growing 
colder more rapidly than others ; 

(6) from chemical action, as of copper sulj^des; 

(c) from the presence of subterranean hot- 
springs. 

A curious proof of the different conducting powers 
of rocks occurred at the observatory at Armagh, 
where the astronomer found continued errors in the 
results of his observations, which were unaooountable 
on the supposition of inaccuracies in working detail. 
This led to an examination of the building itself and 
it was found to be built upon the junction of two 
beds of rock of very different natures, the one to 

■ — . , I ..ifci I.. 
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some extent pervions^ to moistare, the other not. 
When afber eontmued tains the one rock was charged 
•with water, it became a better conductor of heat than 
the other, and, expanding, tilted thQ observatory 
slightily, sdlowing it to resume its former position 
when the rock became again dry. In consequence, 
of these movements the observatory was shifted from 
the junction of the strata, and no such inconvenience 
has since been felt. 

2. Volcanoes, (a) Definition, etc. — volcano 
coosists of a hole or vent from which heated matter 
such as molten rock (la/ua)^ ashes, mud, gases, etc., 
are thrown out. Bound this vent the ejected^ 
matter gathers as a cone of greater or less dimensions 
according to circumstances, sometimes forming 
gigantic mountains as in the Andes, and at others 
only slight elevations scarcely worthy the name of 
hills. The vent is usually in the shape of a cup, and 
is hence called the crater? 

(&) Varieties of Volcanoes. — The usual character of a 
volcano is that of a hill or mountain, from which 
lava^ flows and ashes are thrown out ; but there are 
other varieties of less importance and size, such as 
Ifud Volcames, or Sdlses, which eject mud ; Solfataras, 
and Fum&rolesy which simply emit sulphureous and 
other gases and smoke. 

(c) Activity of Volcames. — ^Volcanoes cannot be con- 
sidered as permanent features of the earth's surface ; 
for though geology assures us that volcanic action 
has been prevalent through all the past eras of the 
globe, yet the regions where this activity is displayed 
are continually changing. Whole districts where now 
no sign of such action occurs bear evidence of 



1 L., pert throagh, and via, a way. Affording a way or 
passage ihrongh. ^ L., e, out of, and Jectum, thrown. * L., 
«rater, a bowl, or cap. * It.« Java, flowing like H^Vi^ 
sudten rock ajeoted hj volcanoes* 
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having been formerly subjected to its power ; and aiD 
those regions where volcanic action displays itself at 
present, have become seats of such action within 
comparatively recent times, speaking geologically. 
Even confining ourselves to the phenomena of vol- 
canoes as they at present exist, we see them in every 
stage of existence : some, as Etna and Vesuvius, are 
in full activity; others seem to be half worked out, 
like Teneriflfe ; and others, again, appear to be quite 
extinct, as in the volcanic region of the. South of 
France. Sometimes it happens that a volcano which 
has for ages appeared to be extinct, breaks suddenly 
forth, and again becomes active. Perhaps the best 
known case is that of Vesuvius, which had never 
been considered as active, no instance of an eruption* 
being known for seventeen hundred years. In a.d. 
63, it first showed signs of activity by an earthquake, 
and in a.d. 79, the mountain burst forth into a fear- 
ful eruption, resulting in the burial of Herculaneum 
and Pompeii, two populous and wealthy cities lying 
at its foot. Since this time it has folly borne out its 
character as an active volcano by frequent eruptions. 

We may divide volcanoes into acUve and extrnd^ 
and it is important always to preserve this distinc- 
tion, as by so doing we are enabled to map out 
the areas over which volcanic energy is in full 
sway, and those in which it is decaying or already 
extinct. 

(d) Origm of Volcanic Oones. — This is a subject which 
belongs more closely to geology, than to our present 
subject, and can only be briefly noticed here. Two 
theories have been propounded to account for the 
formation of volcanic cones, known respectively as 
the Elevation Theory and the Eruption Theory, The 
first supposes the cone to be formed by the swelling 



U, e, out of, and runtpo, to break. A bursting forth. 
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up of the level-lying rocks into a bubble-shaped 
mass, which finally bursts at the top, forming a 
crater ; such craters being known as craters of eleva- 
tion* 

The Eruption Theory considers the cone the result 
of the ashes and lava accumulating round the crater 
as a centre, and this theory is the one now accepted 
by most geologists. Numerous instances of so-called 
" craters of elevation " have been cited, particularly 
the formation of Jorullo in Mexico, in the year 1759, 
a mountain 1695 , feet in height, which was formed 
nearly entirely in one night ; but this, like other cases, 
has served to afford conclusive proofs in favour of the 
theory it was intended to upset. 

(e) Eruptions, — It not unfrequently happens that an 
eruption is preceded by earthquakes and by rumbling 
noises like distant thunder; occasionally, peculiar 
weather presages the coming change, but generally it 
breaks forth without warning. The commencement 
of an eruption is often attended by lamentable con- 
sequences from the sudden melting of the snows upon 
the mountains where they are sufficiently high. Thus 
in 1803, the enormous bed of snow upon Cotopaxi, in 
the Andes, was melted in one'night ; and in 1797 the 
melted snow from Tunguaragua^ in the same range, 
mixed with earthy matter into a mud, rolled down the 
sides of the mountain filling valleys a thousand feet 
wide to a depth of six hundred feet. 

A cloud of smoke usually rises over a volcano during 
an eruption, and enormous quantities of ashes are pro- 
jected, and carried by the wind to immense distances: 
for instance, the ashes of Coseguina in the Andes 
fell at a diste-nce of 1200 miles. Fragments of rock 
are also shot out of the crater like shells from a huge 
cannon, and are hence known as "volcanic bombs:" a 
block weighing ten tons has been thrown to a dis- 
tance of nine miles by Cotopaxi, Lava, or molten 
rock, flows down the mountaia m ^sosskssos^^ 
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TOlmnes. Thns, in 1851, Tomboro, in the East Indies, 
ejected lava sufficient to make three mountains the 
size of Mont Blanc ; and Skapta Joknl, in Iceland, 
dnring 1783, ponred forth a qnantity equal in volume 
to the amount of water discharged by the Nile in a 
year. 

Many volcanoes discharge no lava, bnt throw out 
ashes only: those of South America are mostly of 
this character, though lava streams are not unknown 
even there. As a mle, it may be stated that lava is 
not poured from craters where they are very 
high ; in Etna, for instance, it bursts from tide sides of 
the moTmtain, ashes only being thrown from the 
highest crater. Another feature in eruptions is, that 
two volcanoes in the same group are seldom active 
together, the force finding vent in one spot appearing 
to ease the other members of the group. It has also 
been noticed that during eruptions earthquakes are 
rare in volcanic districts, and that when a long period 
of repose takes place, violent earthquakes are not un- 
common. This fact, if generally shown to be true, 
would prove the doctrine that has been advanced, of 
volcanoes acting, as it were, as safety valves for the 
subterranean force. 

New islands have been formed by volcanic erup- 
tions, as in the North Pacific, among the Aleutian 
Archipelago, where one was elevated to several 
thousand feet above the sea; it having been first 
noticed in the year 1796. Also in the Mediterranean 
new islands have been formed, as Graham's Isle in 
1831, which however was washed away by the sea in 
nine months, and is not now visible. 

(/) Distribution of Volcanoes. — The first and most 
striking fact in the distribution of volcanoes is their 
nearness to the sea. Only in one instance are they 
known to occur in the interior of a continent — ^in the 
range of Thian Shan, in Central Asia; but even in 
abis case a doubt is thrown on their being true active 
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canoes. Jorullo, in Mexico, 120 miles from the 
:8t, is considered quite exceptional in being so far 
md. 

The actual ntraiber of active volcanoes cannot be 
ted with any degree of accuracy, different geogra- 
3rs taking different views of the activity of the 
Qe volcanoes, and in other ways variously estima- 
g the number. From 300 to 400 principal cones 
y be taken as the amount in round numbers, and 
bhese fully one half occur on islands. 
Professor Ansted gives the following table of their 
ixibution. 

Pkinoipal Cones. 



Atlantic Ocean, Nortliem part • • .... 10 

„ Central part 10 

„ „ Sonthem part 3 

Gnlf of Mexico— West Indian Iglands ... 10 

Mediterranean — Sea and Coasts 5 

Bed Sea, and Afriean Coast adjacent ... 2 

Indian Ocean— West side 3 

Asiatic Continent 5 

Asiatic Coasts and Islands — Sonthem part . 75 

M „ „ Eastern part. * 110 

Eastern Archipelago and Pacific Ocean . . < 16 

America, Northem Series 45 

„ Oentral Series 45 

„ Sonthem Series 54 

Antarctic land. 3 



Total, 396* 

The arrangement of volcanoes is peculiar ; for in- 
nee, the basin of the Pacific is roughly circled by 
ast chain of volcanoes. Commencing on the JTorth 
leirican coast, we find active volcanoes at intervals 
we come to Mezioo, where they begin to occur in 



Herschel gives only 225, bnt says 900 ha^e Wsa 
P6m in the meohta and PhiUppino Itkn^. 
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force; tidence throngli South America the wliole range 
of the Andes is more or less volcanic. Crossing now 
to the eastern side, we find volcanoes appear in "New 
Zealand, New Caledonia and, thence, nmning north- 
wards, through New Gruinea, we come to the great 
band of volcanoes in Java and Sumatra, where the 
line separates into two, one branch running into the 
Indian Ocean by the Nicobar Islands and terminating 
at Barren Island, in the Bay of Bengal : the other, 
bearing eastwards, runs through the Philippines to 
Japan, thence by the Kurile Islands to Kamtchatka, 
and so by the Gentian Islands to the American con- 
tinent. Thus we see that the Pacific basin is enclosed 
as it were by a huge girdle of volcanoes, which in- 
cludes about two-tMrds of the whole number of active 
volcanoes known. In this circle are found some of 
the grandest examples of volcanic energy : the vast 
mountains of the Andes with active vents 20,000 feet 
above the sea, throwing up flames 3000 feet above their 
craters, as in the case of Cotopaxi ; the Kamtchatkan 
volcanoes, little inferior in magnitude, and the Javan 
region, containing more volcanoes than any area of 
the same size in the world, all lie within it. 

A splendid cluster of active volcanoes lies in the centre 
of the Pacific ocean — the Sandwich Islands ; Hawaii, 
the principal island of the group contains four fine 
peaks, Mauna Kea and Mauma Loa being the most 
important. The crater of Kilauea, in the latter 
mountain, is considered the largest and finest known. 
The Marquesas and the Society Islands are volcanic, 
as are also the Galapagos Islands, off the coast of 
equatorial America. 

In the Atlantic we find volcanic islands in Jan 
Mayen Island and Iceland, which latter contains JELecUij 
a mountain almost continually in a state of eruption. 
The Azores are another group of such islands. Tern- 
riffe being in a state of partial activity. The Canaries 
are vdlcaxdo^ but contain no volooao in actual enip- 
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tion, iihongh it would scarcely be correct to say that 
they are extinct. The Cape de Verdes, more to the 
south, have one active volcano, and the Islands of 
St. Helena and Ascension are volcanic, as are also 
Trinidad, and some of the West Indian Islands. 

Two very important volcanic regions occur in the 
Mediterranean; the one including Italy, Sicily, and 
the Lipari Islands, the chief centres of action being 
VeszmuSy Etna, and StromhoUy the last almost con- 
tinuously emitting lava. The other region includes 
part of Greece and the Archipelago, and possesses a 
fine group of active volcanoes in the Kaimeni Islands, 
of which Scmtorin is the chief. 

A larger volcanic district is that of the southern 
portion of the Red Sea. It extends over some 10,000 
square miles of country, and contains Jebel Teak, an 
active cone ; fine craters occur at Has BIhor Ali. 

Several districts in Europe, as Auvergne in France, 
and the Eifel in Grermany, are of volcanic origin ; but 
as the volcanoes are extinct, their consideration be- 
longs more to the science of geology than to our 
present subject. 

(g) Mud Volcanoes, — Mud volcanoes occur both in 
volcanic regions and in places where no sign of volcanic 
action exists, save what is afforded by their presence. 
In the latter case, they appear to illustrate a subdued 
phase in tite volcanic force; hot springs under 
similar conditions point to the same conclusion. Mud 
volcanoes are usually of but very slight elevation, but 
instances are known of considerable hills being 
formed by them, one in the peninsula of Kertch 
haviug a height of 250 feet. 

The activity of these volcanoes is but slight, 
and the mud simply runs over the edge of the 
crater. The matter thus ejected varies in tempera- 
ture from many degrees above boiling-point to the 
ordinary temperature of surface water in the district. 
Bubbles of gas burst througlii muQu^sA ^vb^^rs^ 



1$Q FHT8ICIAL aSOGBAPHT. [OftAF, ft, 



ocoasionally arise from ii Tlie boM iBateml of tb^q 
mud, in many cases afc least, is not deriFed from n 
great depth, as fragments of vegetable loatter, mi 
minute shells (foramenifera) not nnfreqnenUy occur 
in it. 

The best known series of mnd volcanoes, apart 
from those occorring in true yolcaaiio regions, Is 
that which, commencing in the Crimea, mns parallel 
with the Caucasus to the Caspian @ea, and has been 
traced at intervals for more than a thousand miles. 
Along the northern slopes of the Hiwatayas and 
into China, they haye also been discovered. 

3. Earthquakes. That there is an intimate eoni- 
nection between the origin of volcanoes and of earth- 
quakes is shown by the faet that earthquakes occur 
in greatest number in volcanic districts. They are 
not, however, confined to these districts, but some- 
times happen at great distances from them, as in the 
case of Comrie, in Perthshire, where hardly a yeav 
passes without at least one shock being felt. 

(a) Phmomena attending Uarthqudkes. — ^Earthquakes 
generally happen unexpectedly ; but strange noises in 
the earth, as of clanlpng of chains, de^ muttered 
thunder, sharp ringing cracks, rumbling of carriages, 
often forebode and accompany them. Heavy &Us of 
rain at unusi^al seasons, a peculiar thickness of the 
atmosphere, sudden gusts of wind, and electrical phe^ 
nomena also in many cases have happened, and the 
domesUcated animals have appeared strangely alarmed 
before the shock, and in some cases men have experi^ 
enced sensations of dizziness and sickness. These 
phenomena show us that the causes producing tha 
earthquakes are often in operation some time before 
the shock is felt. The effects upon animals and men 
are doubtless due to slight movements of tiie ground. 
In some cases, as in Caraccas, noises like thunder have 
been heard over groat ajreas, wiidiout being followed 
bjr aa mrtiiqwiikB, 
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(h) Naiure qf the Shock. — There are three kinds of 
Gaxibbqiiake shocks, distiiigmshed as the tmdulatory, 
ihaperjpendicular, and the horizontal. 

!]flie Tuadulatory is the form in which by far the 
gre^itest nninber of earthquakes occur. The shocks 
«j» propa^ted through thet earth as undulations or 
waves, which travel either in parallel lines or in circles 
spreading from a centre and becoming less as they 
proceed further &om that centre. These earthquakes 
are sometiines so slight as only to set the church bells 
ringing, or, the American poet has it — 

** That yonng earthquake t'other day, 
Was great at ahaking props." 

But this class of earthquake is by no means always 
•o gentle ; for the great earthquake which destroyed 
Lisbon in 1755 was of this character. The area 
disturbed by this earthquake was four times the extent 
of Europe. It was felt in Sweden, on the Baltic, in 
Algiers, in i^lae West Indies, and in Canada ; and the 
waves were estimated as travelling at the rate of 
twenty miles a minute. 

The perpendicular shocks are less frequent than 
those just described ; but are usually attended with 
much more serious results. They have much the 
character of an explosion, bodies in the vicinity of 
the shock being violently projected into the air. One 
of the most terrible examples of this class of earth- 
quake is that which took place at Riobamba in the 
year 1797, when trees, rocks, and shattered buildings 
were thrown into the air : some of the inhabitants 
shared the same &te, and yrere hurled hundreds of 
feet high, falling upon a neighbouring hill. 

The horizontal motion is of rarer occurrence than 
either of the two movements mentioned, and is the 
most destructive in its effects. The motion seems to 
be a combination of the other two, and the ^onnd is 
twisted hpnzontally, The ehocka ^^fi^siacvs^^Vs^^'^ 
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year 1783, were of this character ; 200 towns and 
villages, and a hundred thousand pers6ns, were 
destroyed, and fields were found to have exchanged 
positions. In this kind of earthquake great fissures 
are often formed in the rocks, some of which remaiu 
permanently gaping, while others dose again. The 
production of fissures, however, is not confined to 
any particular class of shock, though the last 
described seem to be most favourable for their pro- 
duction ; but, as the sad records of many places show, 
fissures open during xmdulatory earthquakes, as in 
the case of Jamaica, where, in the year 1692, Port 
Royal was destroyed, and many people were swal- 
lowed up in the cracks which were continually open- 
ing and closing. 

(c) Area over which Shocks are felt — ^The extent of 
ground disturbed by different earthquakes varies very 
greatly, and is not necessarily proportionate to the 
severity of the shock. The Lisbon earthquake was 
felt over a district extending from Bohemia to the 
West Indies in one direction, and from Algiers to 
Sweden in the other ; while the Galabrian earthquake 
above mentioned, though equally violent, was con- 
fined to an area of 600 square miles. Earthquake 
shocks are often propagated in circles or ellipses, 
though, singularly, the point of greatest disturb- 
ance is not one of the foci of the ellipse. It has 
been found that earthquakes felt over a distance 
of 1000 miles, only occur once or twice in a century ; 
those whose diameters do not exceed 600 miles, are 
much more frequent ; and small earthquakes extending 
over not more than 150 miles, are of almost daily 
occurrence. 

{d) Direction of Undulations. — The undulations 
produced by earthquakes generally follow the same 
direction in the same district. Thus in Scandinavia, 
the direction is about south-west; and in Great 
Britam it ia neoxlj the same. In Si^m^'^^^ direction 
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is abont sonth-east, and in tho Alleghanios it is 
towards the north-west. 

(e) Feriods at which EaHhquahee mostfrequ&nthf occur. 
— ^From observations upon the whole of the known 
earthquakes, it appears that there is a certain reenr- 
rence of periods at which great numbers take place. 
Thus, in a given century there are usually two periods 
when shocks are greatest, one in tiie middle of the 
century and one towards the end ; of these the former 
is characterised by the most severe shocks. Some 
centuries are much more strongly marked by earth- 
quake phenomena than others; last century is an 
illustration of one in which this energy was largely 
developed, and the fourteenth century of one in which 
it was very feebly represented. 

Attempts have been made to show that earthquakes 
are more frequent at some seasons than at others; 
and it appears that autumn and winter are marked 
by the prevalence of shocks, while spring and 
summer are comparatively exempt from them. In 
some districts, however, as in the eastern Mediter- 
ranean region, the influence of the seasons seems to 
be unmarked, earthquakes occurring indiscriminately 
at all times. 

It has also been attempted to be shown that the 
periods of new and full moon are marked by the 
occurrence of earthquakes, and that the greatest 
numbers happen at the former period. These 
suggestions, though very important, do not however 
as yet rest upon a sufficiently firm basis to allow of 
our accepting them as established facts. 

(/) Distribution of Earthquakes, — While there is no 
volcanic district which is exempt from earthquake 
action, there are many regions, more or less clearly 
determined, far removed from such action, which are 
nevertheless characterised by decided earthquake 
phenomena; and these will now be briefly ijointed 
out One remarkable £Bust muBt,liOTRQV€£)\^'s^^^^^s^^ 
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before entering upon this subject, and that is, the 
occnrrence of disiiicts, in regions subject to earth- 
quakes, where no shock is ever felt. Even when 
earthquakes happen in the vicinity, they pass these 
districts without affecting them, and resume upon 
the other side their usual features. Many such areas 
are known in Peru, and they are called by the na* 
tives bridges. In Central Asia, such an area occurs 
between two earthquake regions. The cause is to be 
sought in the character of the rocks composing the 
"bridges," but the subject is not satisfactorily cleared 
up. 

To return to a consideration of the eariiiquako 
regions. In Europe, as elsewhere, the chief seats of 
earthquake energy are the volcanic districts ; but a 
very important one is that whicb extends from 
Portugal to the Azores, Canaries, and Madeira, and 
is continued into Northern Africa. Another centre 
includes the British Islands; further north, one 
embraces the Shetland and Faroe Islands and South 
Norway, and another includes part of Sweden and 
Lapland. The Alps and Pyrenees are included in a 
band of intense action which, centered in northern 
Italy, extends through France and Germany, and 
westwards into Holland. The Carpathian and 
Balkan ranges, and, indeed, the whole of the 
mountain system of the Old World, are more or less 
subject to this action. 

In Asia, an earthquake band stretches from Persia 
to India, in which latter country the action is very 
severe, especially in the north. China has also a 
centre of earthquake energy, and another stretcbes 
from Further Lidia northwards along the line of 
volcanic disturbance. 

Africa is exempt from earthquake action, except in 
the north and along the Red Sea^ and in the extreme 
south. 

America, has its eaxthquakeE ooiacident with the 
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!QOiuiiain chains, the chief haaod beiqg ziecessanly 
hs^ of the Yolcsaiio ranges; bnt severe shocks are 
Bit in the AUeghaz^y Monntains. The Mississippi 
md Missouri and the St. Lawrence basins are aJso 
subject to earthquakes, 

• Anstralia is nndisturbed by earthquakes, except 
n the west, "^here slight shocks are not unknown. 
I^usmania is also occasionally disturbed by them; and 
^ew Zealand, possessing, as it does, a volcanic 
region, is frequently aaid violently shaken. 

In the Atlantic, between Gapes Palmas and St. 
Etoque there is believed to exist an area of volcanic 
md eart}u][uake disturbance; ships having several 
ames experienced shocks as if striking on a rock, 
^hen soundings have shown them to be in deep 

4i, Moyements of the Land, (a) TKrect Froofa, — 
!t has always been one of the first principles 
)f geology thp^t the land is not stationary, but 
148 been many times far beneath the waves, while 
sontinants have occupied the areas now covered 
yj the ocean. These movements were referred 
)i^jrely to earthquake action, and were considered 
o be sudden and strongly marked. But it is 
10W known that large areas are at the present 
noment slowly and imperceptibly rising from ihe 
»a, and others as g^tly subsiding beneath it. Long-* 
x)ntinued observation alone has determined the truth 
A this startling proposition, and it is now accepted 
yj all geologists as an established fact. So slow is 
Sm motion, ihat it probably in few eases exceeds 
ihree or four feet in a hundred years. Norway and 
Sweden are now known to be undergoing a process 
)f upheaval north of the district of Scania, and of 
mbsidence to the south. In ihe intricate channels of 
he Baltic coast, rocks which formerly were too far 
)en6ajlih the water to afford any obstruction to naviv 
^tionare now so near the surface io\^^^Axm^sc«^ 
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In the sonth, the distances from the sea of large 
rocks have been measured, and snbseqnent examina- 
tions have shown them to be nearer the water than 
formerly. In the first case elevation, and the last 
depression, was the canse of the change. 

Greenland is undergoing ' a slow depression, as is 
proved by the fact that the staples driven into the 
rocks by the early settlers to fasten boats to, are 
now some distance below low-water mark. So 
well known is this movement, that the Greenlander 
never erects his house close to the sea, for this very 
reason. 

Since the above discoveries have been made, proofs 
of the gradual elevation and depression of land 
masses in many parts of the world have been ob- 
tained; many of them in volcanic districts, as in 
South America, which continent is believed to be 
gradually rising, at least on its Pacific coast. 

(6) Goral Beefs, — ^Mr. Darwin has shown that a re- 
markable connection exists between these movements 
and the distribution of coral reefs. To nndersfcand 
this, we must enter more fully into the origin of those 
reefs than we have hitherto done. The reef -building 
coral animal can only live within a certain moderate 
distance (about 26 fathoms) from the surface ;^ but 
it is well known that very many reefs have a much 
greater thickness. It is, therefore, concluded that, 
at the period when the lowest portion of the reef 
was bmlding, the foundation upon which it was 
erected stood at a higher level; and as it slowly 
sunk, the coral animals kept pace with the movement 
by building continually upwards. This accounts for 



^ It has recently been thought that, as living corals have been 
dredged from great depths, this theory wonld not hold good ; but 
Professor Dnncan, F.B.S., informs me that the fact of corals 
living at snch depths has long been known, and that they are not 
reef-building species. 
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le immense thickness of some reefs, and for the 
eepness of their sides. 

Tnere are three distinct varieties of coral reef; 
imely, fringing^reefs^ which are of no great size, and 
mply fiinge the shore ; ha/rrier'reefs^ which follow 
le coaat Ime, often at a considerable distance &om 
, and are often of immense length and great thick- 
3BS ; and (dolls, which nsnally take the form of rings 
dosing a basin of water called the lagoon : they are 
ioally of great thicknesses. The manner in which 
JT. Darwin shows how these reefs are the result of 
le sinking of the land, wiU be readily understood by 
)ference to the following diagram, in which Fig. I 




presents a fringing-reef. Fig. 2 a barrier-reef, and 
[g. 3 an atoll ; I representing in all cases the island 
yon which the reef is bnilt ; r representing the reef; 
iihe lagoon; and s the sea-level. The island is 
town in three sxiccessive stages of submergence, and 
le different kinds of reef are shown as the consc- 
ience of this sinking; the barrier-reef growing 
it of the fringing-reef, and the atoll resulting froip 
le barrier-reef. 

Now, these varieties of reef do not all occur in 
le same area, atolls being confined to certain dis- 
icts, and so on. From a study of the distribution 
• reefs, it is rendered extremely probable that where 
LO Pacific Ocean now lies a great continent existed 
i a comparatively recent period in the world's his- 
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tory, and by its gradual snbmergence has given zjbd 
to the myriad coral islets that gem the bosom of the 
ocean. Over the volcanic district of the Pacific not 
a single atoll exists: this is probably an area of eleva- 
l^on. Another area of atolls connects the Matabett* 
coast of India with the island of Madagascar by the 
Laccadive, Maldive, and Chagps Islands. 



CHAPTER Vn. 
ATMOSPHERE AND OLIMATE. 

A. ATM08PKEJEE. 

Size, Weight, and Fressufe. — ^The earth 10 en- 
veloped in a body of invisible gas which is known 
tis me atmosphere} and the material composing this 
atmosphere is called air. Air being highly elastic is 
pressed by its own weight into a less bulk, hence it 
is densest at the snrfebce of the earth, and becomes 
more attenuated, or thinner, in its higher regions. So 
elastic is the air, that at the height of 18,000 feet, or 
three and a half miles, its densiiy is only one-half) 
and at 36,000 feet, or nearly seven miles, it is only 
one-fourth of what it is at the sea level. At the 
elevation of forty-five miles, the air would be almost 
imperceptible ; but there is little doubt that the at- 
mosphere extends to at least 300 miles from the 
earth. The pressure of the atmosphere is about 
fifteen pounds (14i'7) on every square inch of sur&ce ; 
or 26,346,088 tons on every square mile. This gives 
the total pi'essure sustained by the whole earth as 
5,189,982,336 million tons. 

The Barometer, — The pressure of the atmosphere 



Gr., atnrn^ sir; and i^haita^ a (sphere. 
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afe any particular place is measured by means of an 
insiniment called a hanrometer,^ which consists of a 
tube from which the air has been exhausted : this 
tabe is closed at one end, and the open end is in- 
serted in a cnp of mercuiy. The atmosphere press- 
ing upon the mercury in the cup forces it up into 
the tube (there being no pressure there) until the 
weight of the column of mercury equals the pressure 
upon the surface outside the tube. This height is 
29*9 inches, but if water is used, the column would 
be about thirty-three feet high. In other words, a 
column of mercury nearly thirty inches in height, 
and a column of water thirty-three feet high, press 
downwards with a weight equal to about fifteen 
pounds on the square inch. As we ascend, the 
pressure of the atmosphere decreases, and the mer- 
cury falls in the tube ; hence the barometer can be 
used to determine the heights of mountains. 

Composition. — Air, dry and pure, is composed of 
two invisible gases, oxygen and nitrogen^ mixed to- 
gether and not chemically combiued. The propor- 
tions are twenty-three parts of oxygen to seventy-seven 
parts of nitrogen. In its natural state, air is always 
mixed with other substances ; vapour of water is the 
most abundant of these, and then come carbonic 
acid, and other matters of less importance. Although 
animals are continually taking oxygen from the 
atmosphere and breathing carbonic acid into it, yet 
the proportions ^esL ttbotre remain unchanged. Air 
in valleys and on mouHiaLns, and even that enclosed 
in vessels buried for centuries is always precisely the 
same in composition. Why this is so is not satisfttc- 
torily explained. It has been thought that the pro- 
portion is maintained through the agency of plants, 
since they give out oxygen and take in carbonic acid ; 
but this is a very insuf&cient cause. 

1 Gr., haros, weight ; and metron, 9» m^^xa^. 
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Belations with Light. 1. Oolow. — ^The snn's rays 
consist of two distinct parts, the one producing light, 
the other heat. The rays of light are themselves nmde 
np of distinct portions, each possessing its ovm 
pecnliar colour — red, orange, yellow, green, bine, in- 
digo, and violet ; the combination of these rays forms 
white light. If we conld strain ont all, save one 
particular class, it is evident that the remainder would 
possess a distinct colour. Air allows all the coloured 
raysHo pass with almost equal fciciliiy ; it is, however, 
never quite dry, but contains water as invisible 
vapour. Now water absorbs all the coloured rays, 
save blue, hence the colour of the sea ; and the watery 
vapour aljsorbs the same rays, the result being the 
blue sky;^ so that whether we look upon the sky 
overhead, or examine the ocean beneath, we are 
equally gazing upon huge masses of water. In 
desert regions, and at great elevations, the sky 
appears much darker ; indeed, from the tops of high 
mountains it looks almost black, owing to the absence 
of vapour. The blue sky, then, is the result of the 
absorption of the other coloured rays of light by 
the vapour ; and it is possible to get above most of 
this blue vault, even as it is possible to get above 
most of the cloud region. 

The brilliant colours of sunrise and sunset are due 
to the same cause, namely, the absorption of certain 
colours from the rays of light, reflected from the sun, 
but why these colours should vary bo much in beauty 
at different seasons and in different places ia not yet 
determined. 

(2) Eeflectum,^ Befraction^ and J[6«orpfww.7-;-Ijet us 
trace the course of a ray of light from the sun. It 
travels in a direct line xmtil it meets the eartt's at- 



^ This enbject is intimately connected with j7o2amaiton, which 
cannot be here discussed. ^ L., re, back ; and fiecto, to 
bend. * L., re, and frango^ fractus, to breaJs. 
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mospliere, when a portion is turned back, or reflected^ 
as from a mirror. The remaining portion is bent or 
refracted on entering the atmosphere, and as it pro- 
ceeds, the air through which it travels contintuEdly 
grows denser, and the ray becomes more and more 
bent. During the whole of its passage through the 
air small portions have been absorbed, and others 
have been scattered or dispersed.'^ Hence a raj 
which would reach the earth in a direct line, if 
there were no atmosphere, sxiffers great changes. 
Part is destroyed by absorption, part turned back 
again by reflection, the remainder reaches the earth 
in a bent line, and instead of arriviag as a distinct 
ray, is, as it were, frayed out, and illuminates a 
greater space than it otherwise would. On reaching 
Sie earth, the ray is partly absorbed and partly re- 
flected again, lighting up the surface of the earth. 
The faint form of the circle in the crescent moon is 
rendered visible by light reflected from the earth. 
If there were no atmosphere there would be no dis- 
persion of light, and all things would be either 
exposed to the full blaze of light, or plunged in 
intense darkness. Shadows would be as black as 
night, deep valleys would be always buried in dark- 
ness. 

If the rays fall perpendicularly, 8000 out of 
10,000 reach the surface of the earth ; 2000 being 
absorbed. The greater the inclination at which the 
rays fall, the greater the number absorbed. If the 
direction be horizontal, only five rays out of 10,000 
s reach the observer. This explains why the rising 
and setting snn can be looked at without incon- 
venience. 

(a) TmUght — ^If there were no atmosphere, day 
would be succeeded by night instantly on the sun set- 
ting. The atmosphere refracts, or bends the rays of 



^L., di, apart; and tpargo, V> «MibWt. 
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light, and this bending is greater as the angle is less. 
The sun in consequence always appears to be higher in 
the heavens than it really is, for the rays of light are 
bent upwards towards the perpendicular. When the 
sun reaches the horizon, it still ofppears to be some 
distance above it ; and when it seems to us to set, it 
is really below the horizon, but is visible, because the 
rays of light coming from it are bent upimrds. After 
sunset the refiraction still brings sufficient light up- 
wards to partially illuminate the earth, and l£is dim 
light is twilight. When the sun is more than from 
16** to 20° (according to the latitude) below the 
horizon, the rays of light cannot be refracted so as to 
produce twilight, and niglvt may be said to have set 
in. Within the tropics, where the sun descends 
almost perpendicularly, twilight is very short ; but as 
we ascend to higher latitudes the sun declines more 
obliquely, and t£^es longer to reach 20° below the 
horizon : hence the longer twilight of these regions. 
In the arctic region the sun appears some days before 
it would otherwise be seen, and remains above the 
horizon longer before setting than would be the case 
if there were no atmosphere. 

(&) Mirage, — The word mirage is applied by the 
French to those peculiar atmospheric effects due to 
the different densities of the lower portions of the air, 
and to reflection and refraction. We cannot here 
describe in detail the various illusions thus produced, 
nor give their explanation, as it would lead us beyond 
the limits of an elanentary work, but we will briefly 
refer to the most usual phases under which ipirage 
is seen. Perhaps the most common form is the 
semblance of sheets of water, sometimes still, some- 
times ruffled by waves. This is very fi^equently seen 
in hot desert regions, but is by no means confined to 
them. We have had opportunities of observing them 
under both aspects, and have witnessed in ihe Fen- 
land mirageB as cteaaiy de&iod and diaGeDtive as those 
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of Africa. In them the trees and snrroimding objects 
were reflected as accurately as from ihe gleaming 
surface of a pond. 

Sometimes objects are reflected horizontally, and 
bnildings are seen from points of view fron^ which 
they are ordinarily hidden by hills. 

£q other cases the refraction is so great as to bring 
into view objects hidden below the horizon. Thns in 
the snrnmer of 1870, the author, with one of his 
colleagues, saw from, die battlements of Croyland 
Abbey, the town of Boston and the whole of the 
Wash, as it were tilted up into the air; steamships 
and sailing vessels were plainly visible. Under i>r- 
dinary circumstances, neither Boston nor the "Wash 
are discernible from Croyland. The time was sun- 
set, and, as so often happens in such cases, heavy 
rains succeeded. Again, in 1871, in travelling be- 
tween Spalding and Boston, the Lincolnshire coast 
was plainly visible, although the country is so flat, 
that the sea-banks eflectually shut out the view of 
the water, even at the distance of a quarter of a mile 
from the shore. This was also at eveniug, and rainy 
weather ensued. 

Sometimes the refraction is imperfect, owing to 
strata of air of different densities intervening. In 
this case the image is distorted. In May, 1869, we 
saw a very perfect instance of this kind of mirage in 
the Red Sea, when the town of Mocha was seen 
slightly elevated above the horizon, and apparently 
chattered by an earthquake shock. 

Again, objects may appear suspended in the air, 
immediately above their actual position. Captain 
Seoresby saw his father's vessel in the air in an inverted 
position. We have seen a village church inverted 
(Billinghay, Lincolnshire), with the spire of the" 
actual church and the spire of the image touching. 
This was in September, 1871 ; again at sunset. The 
body of the ehurcfa was Mddiix ^o&^sk^^ 
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rising from burning stnbble, and from this the build- 
ing was reflected in an inverted position. It was, as 
is generally the case, of great size ; the spire appear- 
ing to be almost a mile in length, witii the other 
paHs of the building proportionably magnified. 

(o) Halos, Mbck-Stms. — ^The circles of light which 
so often surround the sxm, and less frequently 
the moon, in polar regions, owe their existence to 
much the same causes that produce mirage, namely, 
to the reflection and refraction of light by strata 
of different densities. The circles are called haJos^ 
and several are often visible at once; sometimes 
concentric,^ sometimes intersecting. ^ Mock-suns, 
or jpa/rhelia,^ are also common in these latitudes. 
Paraselenes,^ or mock moons, are less frequent; a 
very fine one was seen in England in' the winter of 
1871. 

(d) Bainbows are caused by the decomposition of 
light by drops of water. The colours are in the follow- 
ing order, reckoning from the inside of the bow : violet^ 
indigo, blue, green, yellow, orange, red. If the light 
be intense, a second bow is formed outside the first, 
with the colours reversed and fainter in tint. The 
rays of light in the principal bow are refracted on 
entering the rain-drop, reflected from the inn^ 
surface, and again refracted on leaving the drop. 
During this process the light is decomposed. The 
outer bow is somewhat more complicated in its forma- 
tion, as besides being twice refracted, the light is 
twice reflected from the inner surface of the drop, 
the colours appearing fainter from part of the light 
being absorbed at each refraction and reflection. 

Bainbows are sometimes produced by the moon; 
but these 2mar-rainbows are rare, and are generally 



^ L., con, together, aud centrum^ a centre ; haTiug tb9 same 
centres. ^ L., inter , throngh ; and teetumt cut. ^€hr., parot 
about; and helion, the Bun. ^ Qc., para ; tad ielene^ the 



OHAF. VnJ AmCOSFHBBB AND CLIUATB. 165 

wMie. Bows are often formed in the spray of water- 
fells and fonntains, and indeed in any circnmstance 
where drops of falliag water are produced in bright 
snnlight. 

Rainbows always occnr opposite to the snn, and 
when observed from mountains are perfect circles. 
They are nsnally seen against a bank of clonds, but 
oc(5asionally have only blue sky behind them. 

Selations with. Heat. — Let us now turn to the dark 
heafc-giving rays mentioned above (p. f60). Dry air is 
as transparent to heat as to light; allowing it to pass 
through without becoming sensibly warmed. Of the 
heat that falls upon the surface of the earth, part is 
absorbed, and warms it, and the rest is reflected back 
again into spibce. That the air is not itself warmed 
by the passage of heat through it, is at once evident 
whep. we remember that in clear frosty weather, it may 
be thawing rapidly in the sun, while it is freezing 
sharply in the shade. If the air were heated by the 
fiun's rays this could not happen, foi; the air in the 
shade would be warmed by the particles of hot air in 
the sunlight. Air can, however, be heated by eorir 
duction : that is to say, the earth being heated, com- 
municates its warmth to the air above, which in its 
turn, warms the immediately overlying air. During 
this process, heat is, however, destroyed. The heated 
earth cannot make the overlying air as hot as itself. 
Hence it follows that the higher the position above 
the earth, the lower will be the temperature. * Wo 
have now shown that air is not warmed by the sun's 
heat directly, hut by the heat trotmmitted by tlie ewrth 
to the air above. The decrease of temperature with 
altitude, is generally about 1* for every 300 feet. 

The heat arriving at the earth's surface is not, 



^ Heated masses of air rising to the higher regions of the 
atmosphere lose their heat in expanding. This is anothec^ 
and an important oaose of the lo^ temi^i«A?Qi« c& 
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hoirever, the whole of that emitled by the snn ; for 
though the air itself is perfectly transparent to heat, 
ihe moisture contavned mitt» not, hat on the contrary, 
is opaqne to heat, and stops off a large quantity. It 
is very important to bear in mind this atmosphere 
of yaponr, as it exercises most important influences. 
Indeed we may say that there are Invo atmospheres, the 
one comjaosed of air, the other of vapour, 

MoYements. — The movements of the atmoBphere ^ 
of three kinds. (1) Aerial Tides^ cansed by the sams 
inflnences that prodnce oceanio tides. (2) Barome- 
trical OscilloMoris, or variations in the pressure of the 
atmosphere, so called from being measnred by l^e 
barometer. (3) Wmdd. 

1. AeriaL'^ Tides. Everything that we have toid 
respcHcting the origin of the tides is as applicable to 
the atmosphere as to Iho ocean, with this exceptioiiy 
that the disturbing causos Sfe not oontuientB) but 
currents of air produced by local influences. These 
currents are generally of suffioient magnitude to 
entirely mask the tidal movements. Within the 
tropics, where the disturbing causes are slight and 
re^ar, lihese tides are said to have been determined 
with considei%bble accuracy. 

2. Barometrical Oscillations,^ The barometer does 
not stand at the same height throughout the day. 
When the pressure diminishes, the mercury in the 
instrument falls, and hence any variation in the pres- 
sure is immediately registered by the height of the 
barometer. The barometer attains its maximimi 
twice in twenty-four hours, and falls to its minimum 
twice also. The two maxima occur at half-past nine 
in the morning, and at half -past ten in the evening; 
the two minima are at half-past three in the morning, 
and half-past four in the afternoon. That is, the 



' L,, a'^uB, belonging to the air. 
ffwingiag mofemeni. 



* L., oseiUatio, a 
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points of least pressure occur at tbo hottest and 
coldest parts of the day ; and the points of ^eatest 
pressure at the times of mean daily temperature. la 
other words, two waves pass over a given place each 
day, the passage of their crests causing the greatest, 
smd the passage of their troughs the lowest range 
of the barometer. 

One of these waves is owing to the action of the 
sun's rayft upon the air atmosphere ; the other to its 
action upon l^e vapour atmosphere. 

The sun's rays falling upon the earth during the 
day, hoot the air, which, expanding, rises and flows 
oirer towards those regions where night prevails, 
and where the air is colder and denser. Hence there 
is less air over any place at the hottest part of the 
day (the afbemoon), and the barometer is at its 
lowest ; and most air at the coldest period of the day 
when the barometer stands highest. 

" The barometer is influenced to a large extent by 
the elastic force of the vapour of water invisibly sus- 
pended in the atmosphere, in the same way as it is 
influenced by the dry air. But it is probable that the 
vapour of water exerts a pressure on the barometer 
in another way. Vapour tends to difiuse itself equally 
through the air ; but as the particles of air ofter an 
obstruction to the vapour, it is iEM5cumulated or pent 
up in the lower stratum of the atmosphere about 9 
or 10 a.m., when evaporation is most rapid, and, being 
impeded in its ascent, its elastic force is increased by 
the reaction, and the barometer consequently rises. 
When the air falls below the temperature of the dew- 
point, part of its moisture is deposited in dew ; and 
since some time must elapse before the vapour of the 
upper strata can diSuse itself downwards to supply 
the deficiency, the barometer falls — most markedly 
at 10 p.in., when the deposition of dew is greatest. 

Eteaooe, as regards temperature, the bi^meter is 
subject to a Tnaximmn oocurrmg Tu»dx ^^Rsns!^^ 
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greatest cold, and tlie miTtiTnTiTin near the period of 
greatest heat. And, as regards vapour in the atmo- 
sphere, the barometer is subject to two maxima and 
minima of pressure : the minima occnrnng, the &rat 
at 10 a.m., when, owing to the rapid eyaporatioii, the 
accumulation of vapour near the surface is greatest; 
and the second about sunset, or just before dew begins 
to be deposited, when the absolute amount of vapour 
in the a^osphere is greatest; and the Tniuima in the 
evening, when the deposition of dew is greatest, and 
before sunrise, when evaporation and the absolute 
quantity of vapour in the atmosphere is smallest. 

Thus, takmg both causes into consideration, the 
maximum in the forenoon may be supposed to be 
owing to the rapid evaporation arising from the dry- 
ness of the air and the increasing temperature, to- 
gether with the overflow of air in the upper regions 
of the atmosphere from the wave of heat which has 
been going on for some hours. But as the vapour 
becomes more equally diffused and the air more 
saturated, evaporation proceeds more languidly ; the 
air becomes also more expanded by heat, and tends to 
flow towards the diurnal wave of cold advancing from 
the eastwards, and the pressure falls to the afternoon 
TniniTnum. From this time the temperature declines ; 
the air approaches more nearly the point of saturation, 
and the pressure being further increased by accessions 
of air from the warm wave, the Tninimum is attained. 
As the deposition of dew proceeds, the air becomes 
drier, the elastic pressure of vapour is greatly 
diminished; and the pressure falls to the second 
minimum about 4 a.m." {Buchm,) 

Winds. — The origin of winds is visry simple. Let 
us consider the earth as covered entirely with water. 
The temperature would then be directly proportionate 
to the latitude ; the greatest heat at the equator, the 
most intense cold at the poles, and all places in the 
same hidtnde would have the same temperatoze. 
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The sun's rays, beating upon the torri(3 zone wiili 
intense fervonr, heat the air in the manner above 
described (p. 165). This heating process causes the air 
to expand, and being then lighter than the cold air 
above, rises and forms an ascending current. At the 
same time, the colder, heavier air of the polar regions, 
flows in towards the equator, and would arrive as 
north and south winds if the earth were at rest ; but 
in consequence of the diurnal rotation from west to 
east, the wind lags behind, because it moves over 
regions which revolve faster than the place from 
whence it set out. This has been already explained 
(chap. 3). The winds thus caused arrive with a 
north-east and south-east movement, and are called 
Trade Winds, from being so constant, and therefore 
of such importance to commerce. 

At the same 4^e, the ascending currents flow off 
as upper currents towards the poles ; the rotation of 
the earth causing them to pursue north-westerly and 
south-westerly courses. 

So far all is plain ; but on &e above supposition, all 
the winds of the nortifiem hemisphere should be North- 
east Trades, and all the winds of the southern hemi- 
sphere South-east Trades. The south-west winds 
should flow as an upper current in the northern 
hemisphere, and the north-west winds as an upper 
current in the southern hemisphere. These westerly 
winds would never appear at the surface. 

Such, however, is not the case ; for the south-west 
upper current descends to the surface north of the 
tropic of Cancer, and the north-westerly wind a little 
south of the tropic of Capricorn. The trade- winds 
flow as an upper current through the flrst part of their 
journey, and only descend to the surface at the points 
where iiie westwly winds become surface currents. 

The course of a particle of air from the north pole, 
is as follows. Setting out in the upper regions of the 
atmosphere^ it travels in a southerly flir^c^koT^Tffiis^^J^ 
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approaches the northern tropic ; it then descends to 
the snrface and travels to the equator mth a north* 
east course. At the equator, it rises again to the 
npper regions of the atmosphere, and either crosses 
oyer to the south side of the equator to descend to the . 
sui^ace at the tropic of Capricorn to take part in the 
north-west winds of the southern hemisphere, or is 
whirled back again into the currents flowing north, 
and again returns to the arctic region. 

Why these currents should thus descend and ascend 
at the tropics, has never been explained. 

(a) Oalm-helts, — ^The consequence of the descent of 
the currents as above described is, that at the regions 
where the winds cross, belts occur where there 
are no winds, or but slight and variable breezes. 
These are termed the JEquatonal Belt of Oalmt^ 
where the Trade Winds rise, the Belt of OcUms 
of Ga/nceTy and the Belt of Galms of OcupricoTri^ where 
the Trades and Anti-trades, as these westerly winds 
are called, interchange. At the poles there are calm 
belts where the winds ascend, 

(6) Trade Winds. North-east Trade Wmd.—T)m 
wind extends from about latitude 9° to 26** in the 
Atlantic Ocean; and in the Pacific, from latitude 9** to 
26°. In summer it extends further north; and as 
the sun goes south, it follows and reaches its most 
southerly position in winter. This wind is more 
steady in the Atlantic than in the P^ifio, but it is 
not so constant as the south-east trade wind. 

South-east Trade Wind. — ^This wind extends over a 
broader space than the above, ranging £rom aboujb 
4*" north latitude to 22° south latitude in the Atlantic, 
and 23^° south latitude in the Pacific. lake the 
north-east trade, it follows the course of the sun, and 
owing to the greater extent of water in the region 
over which it blows, it is stronger and more constant 
than the trade wind of the opposite hemisphere. 

(e) Monsoon, — ^In tho neighbourhood of the great 
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lazxd-maBses the trade-winds become modified in their 
direction. These modified winds are termed Mon- 
soons,^ and they differ from trade winds in being 
periodical instead of perennial. The most important 
monsoon region is that of the Indian Ocean, extending 
to the north and east of Australia into about longitude 
14D" west. 

When the sun is north of the equator, the immense 
region of Asia becomes heated to an enormous extent, 
owing to the great stretches of desert there situated. 
The heated air thus produced rises, and the south- 
east trade flows in to supply the loss, and being 
acted upon by the rotation of the earth and by local 
causes, is deflected, and becomes the south-west, 
south, south-east, or east monsoon at different parts 
of the coast. These winds blow from April to October. 
When the sun goes south of the equator, the wind 
follows, and takmg up its normal position, blows as a 
trade wind, though it is called the south-east mon- 
soon. This wind blows from October to April. To 
the north a monsoon blows generally in a north-east 
direction. 

The changing of the monsoon is accompanied by 
violent storms of wind and rain, and terrific thxmder. 

On the West Coast of Africa monsoons occur, the 
result of the indraught occasioned by the heated 
continent. 

The coast of Brazil also possesses monsoons, and so 
does the Ghilf of Mexico and the Caribbean Sea, and 
the west coast of America, from California to about 
45** south latitude. 

{d) Storms, — The ordinary storms of wind, such as 
occur in all latitudes, due to some disturbance in the 
atmosphere, need not be described here; but those 
fearful storms, known in different parts as tornados,^ 
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hunicavmy typhoons,^ and cyclones,^ mnst be hexe 
briefly alluded to. The regions wbere these stormB 
occur are, (1) the West Indian region, indnding those 
islands, and extending northwards nearly to Nova 
Scotia, and eastwards to about longitude 20** west ; (2) 
the Indian Ocean region, extendi^ from Madagascar 
almost to Australia, and from 4° to 35^ south latitude; 
(3) the Chinese region, extending from the Gtuige3 
to Japan, and from latitude 5** north to 25*' north. 

The peculiarity of these storms is, that they have a 
rotary motion, and journey in a spiral line. Their 
motion in the three eastern regions is in the same 
direction as that of the hands of a clock, and in the 
West Indian region in an opposite direction. 

It is found that aU great storms partake of a 
circular motion, even the heavy gales of our own 
coast, such as the one now raging as we pen these 
lines (January 23rd, 1872). 

B, CLIMATE. 

Determining Causes. — Climate must not be con- 
founded with weather. The weather changes from 
day to day, and is proverbially irregular; but 
climate is constant, for the variations of i£e weather 
do not alter the general distribution of heat and 
moisture throughout the year. 

Climate depends upon numerous circumstances, of 
which the most important are (1) latitude, (2) 
situation, whether continental or insular,* (3) eleva- 
tion above the sea-level. 

Bepresentation. — The distribution ofrain and snow 
we have already described ; and it now only remains 
to examine into the distribution of temperature 
over the surface of the globe. This is most readily 



^ Gr., typhon, a fabled giant. > Or., eydos, a oirdle, * Zim 
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done by means of lines drawn throngli places having 
the same temperature. But as a station may have 
the same annual temperature as another, and yet 
have that temperature yery differently distributed 
^o-ongh the year, several series of fines have to 
be drawn before we can fully understand the details 
of this great question. These lines receive different 
names, as follows. 

1. Isothermal^ Imes^ such as pass through all places 
having the same mean annual temperature. 

2. IsotheraP Lines, such as pass through places 
having the same summer temperature. 

8. iiac^eMwaZ^ Lines y such as pass through places 
having the same winter temperature. 

We cannot describe the course of these lines, which 
may be easily understood by a reference to a map 
showing their arrangement. But to give an idea of 
how the temperature varies over the eaith at different 
seasons, we will select two important lines, say the 
line of 82° F., or the line between which and the 
poles water remains frozen ; and the lines of 77"*, or 
intense summer heat. The months of March, April, 
and May are reckoned sprmg months; June, July, 
and August, summer months ; September, October, 
and November, autumn months; and December, 
January, and February, mnter months. 

(a) Sprmg. — The line of 32° in the northern hemi- 
sphere, commencing in the west, lies just north of 
liie peninsula of Alaska, and, curving southwards, 
runs a little to the south of Hudson's Bay, after 
which it again bends northward, and just grazing 
Cape Farewell in (jreenland, stretches out into the 
ocean north of Iceland in the direction of Spitz- 
bergen. In about 70** N. latitude, and 0° longitude, it 
bends south again so rapidly that it includes the Gulf 



^ Gr.,i«of, equal ; and, iherrnM^ heat. ^ Or., Uo$ ; and, thero^f 
snainer. * Or., Uoi ; and, cMma, winter. 
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of Bothnia. Thence it curves a little southward, and 
stretches across the continents of Europe and Asia in 
about latitude 59°, cutting off the southern portion of 
Kamtchatka, and then wending north again to 
Alaska. 

In the southern hemisphere it is autumn at this 
time; and the 32'' line is so far south that it does ; 
not touch any but the circumpolar lands. 

The 77° line in the northern hemisphere commences ; 
in the west about the twentieth parallel of latitude, and 
crossing the centre of the Caribbean Sea, dips south 
in the open Atlantic, so as to exclude the Cape de' 
Verd islands ; after which it again bends northward, 
and crossing the tropic of Cancer, traverses A&ica so 
as to include all the Bed Sea except the gn\fs of Suez 
and Akaba. Still pursuing its northerly course, it 
includes the Persian Gulf and the whole of Hindo- 
stan, falling again to latitude 20^ as it enters the 
Pacific from the Asiatic continent. 

In the southern hemisphere the 77® line commences 
in about 5° S. lat. on the west coast of South America, 
and falls to 20° S. lat. on the east coast; thence it 
curves north so as to exclude St. Helena, and enters 
Africa in about lat. 9** S., falling again to 20' on the 
east coast, and just dipping south of the tropic 
beyond Madagascar ; after which it rises to 20°, in 
which latitude it enters Australia, and, trending 
south again, leaves that island on the tropic. 

(h) Slimmer. — ^The 32° line in the north has by this 
time retreated far up beyond the mainland of 
America, even lying outside Melville Island, but 
dipping south so as to embrace the north of 
Cockbum Island, thence stretching far away to the 
north, through central Greenland and outside Spitz- 
bergen, touching the Old World continent at no 
point. 

In the south, where it is now winter, the line has 
travelled north with rapid strides and Kes in wait 
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just now oaiside Cape Horn, adding fresh dangers to 
that always dreadful spot. 

The 77° lines haye also journeyed northwards ; the 
northern line in consequence of the summer's heat ; 
the southern line pushed up by the winter's cold. 
The northern line commences on the north of the 
Califomian peninsula, crosses America so as to em- 
brace Florida and Georgia ; dips south in the Atlantic 
to the tropic, in longitude 25° W. ; and then stretches 
away north, so as to include the south-east of the 
Mediterranean, and still north through the southern 
part of the Caspian Sea, to the south of the Sea of 
Asof , and so through Asia, which it leaves at Pekin, 
in latitude 40°. 

The southern line has travelled to a little north of 
the equator in western South America, and to the 
north of Cape St. Roque on the east. In West 
Africa it is also nor^i of the line ; in East Africa it 
is only 5° south, and it only just touches the extreme 
north of Australia. 

(c) Auf/umn, — The northern line of 32** is again 
coming south, and now crosses America so as to exclude 
A1f>«1gft and the southern part of Hudson's Bay. It 
nearly reaches Cape Farewell, almost touches Ice- 
land, makes a sudden turn south, and embraces 
north-western Scandinavia and the White Sea, and 
then bends still further south in Asia, passing just 
south of Lake Baikal, and cutting the north end of 
the Island of Sagalien and the peninsula of Kamt- 
ohatto, enters the Pacific. 

The southern, line has retreated from the imme- 
diate neighbourhood of Cape Horn, for spring is 
coming on. 

The line of 77** in the north has crept southwards, 
and occupies much the same position as in spring, 
but includes the Cape de Verde Islands. 

The southern 77° line occupies about the same 
position as in summer on the west of South Amfidoi. 
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and in Australia; but has cnrved southwards to 
Cape St. Boqne, in Brazil, to the Biver Gongo^ in 
West Africa, and to north Madagascar on the east. 

(d) Winter, — ^In the northerti hemisphere the 32** 
line is at its lowest limit. In West America it still 
hovers round Alasloi, but bends south with a great 
sweep below the great lakes and New York ; thence 
north again south of Iceland, and then south through 
southern Sweden, and from Berlin through the 
Caspian, across Asia, and through the Yellow Sea. 

The southern line has retreated with summer into 
the freshness of the antarctic regions. 

The northern 77° line has dropped so as to lie just 
north of the South American shore, whence it stretches 
in a pretty straight course to Southern India, where 
it falls slightly, cutting the peninsula of Malacca and 
north Borneo. 

The southern line has at the same time encroached 
upon South America, and from below Lima drops to 
the mouth of La Plata ; thence in a great bend it 
cuts off St. Helena, passes through South Afinca, 
from latitude 20° S. on the west to latitude 30* S. on 
the east, and runs across the Indian Ocean, entering 
Australia in latitude 22'', trending down to Adelaide, 
and then north to Sydney. 

So far we have traced the distribution of tem- 
perature over the globe as a whole, and we will here 
briefly allude to some important facts not shown in 
the above sketch. The line of greatest temperature 
does not coincide with the equator, but lies north of 
it from about longitude 160° W., across the New and 
Old Worlds, and falls below it in the island of 
Borneo. 'The mean temperature along this line is 
nearly S^*" F., and the hottest portions are the regions 
around the Bed Sea, and the southern shores of the 
Caribbean Sea. 

The points of greatest cold do not occur at the 
poles, but at some distance from them. Two hov? 
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been determined for the northern hemisphere, one in 
the west, called the American pole of cold ; the other, 
in the east, known as the Asiatic pole of cold. The 
former is situated in about 75" N. latitude, and 100* 
W. longitude ; the latter in about the same latitude, 
and 95*" E. longitude. 

The greatest heat registered is 132° F. in the shade 
in Scinde (Napier); idie greatest cold- 120° at Ki- 
ringa in Siberia (Qmelin). 

Classification.-'Glimates are grouped, according 
to the distribution of temperature through the year, 
into three classes. 

1. Insula/r Climates, — Those in which the tempera- 
ture of summer is but little in excess of that of 
■winter, so named because they usually prevail in 
islands. The most perfect case being the Friendly 
Islands, where the d^erence is only 2°. 

2. Conti/nental Climates, in which, from being re- 
moved &om the ameliorating influence of the sea, the 
difference of the seasons is more strongly marked. 
Canada is an example of this class. At Quebec, the 
difference between summer and winter temperature 
amounts to 58°. 

3. Extreme Climates, in which the difference is very 
great. Thus at Yakutsk, in Siberia, the difference 
amounts to 102°; the winter temperature beuig-40% 
and the summer temperature + 62°. 

General Distribution of Temperature. — The 
Bouthem hemisphere is 3^** colder on the average 
than the northern, owing to the much greater ex- 
tent of sea to the south. 

If we call the temperature a place would have if 
latitude alone determined that temperature the mean 
xiOrmal temperature, and then consider those places 
in which the temperatxire^ is above or below that 
mean, we shall find that the land-masses lying north 
of the tropic of Cancer have an excess upon their 
western coasts, and a deficiency alon^ thi^is ^Ux^ 
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coasts, while the reverse is true respecting land 
lying south of that line. This is owing to the direc- 
tion of the ocean currents. The equatorial currents 
sweeping to the east in the northern, and to the west 
in the southern region; the polar currents at the 
same time clinging to the opposite shores. 



CHAPTER Vm. 

TERRESTRIAL ELECTRICITY AND MAGNETISM. 

Electricity. Nature. — ^Electricity is a farce * which 
pervades all nature. It is of a twofold character; 
and, under ordinary circumstances, the two parts of 
which it is composed are so combined as to neutralise 
the effect of each other. It is only when a body 
contains one kind of electriciiy in excess that i^ 
electrical condition is manifest ; and the body is said 
to be positively or negatively charged, or electrified, 
according as one or other kind of electru^ity pre- 
ponderates. There is a constant tendency in eledaHh 
fied bodies to render themselves neutral by drawing 
electricity of the opposite kind to th^ir own from 
some body which possesses it. 

Thunderstorms. — The interchange of electricity 
between the earth and the atmosphere gives rise to 
thunderstorms. Any disturbance in the atmosphere, 
whether caused by evaporation, condensation, or other- 
wise, produces changes in the electrical conditions of 
the earth and atmosphere. If a cloud, charged with 
positive electricity, floats within a sufficient distance of 
the earth, the negative electricity of the earth pulls, as 
it were, upon the positive electriciiy, and vice versd;^ 



^ Force is a term implied to those oanses of motion, such fts 
hetU, light, ifmfiUdixm. > £u, meaxiinc the other vsy aboot. 
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and if tMs tension becomes sufficiently strong, ^ dis- 
charge takes place, and the electricity rushes from one 
to the other with inconceivable force and rapidiiy. 
Dnring this interchange, heat is produced of so 
intense a character? as to bum the particles of air 
through which it passes ; and the light so produced 
is seen as a flash, and is called lightning. The light- 
ning may travel from the earth to the cloud, or in an 
opposite direction. 

The air on either side the flash rushes in to supply 
the void caused by the consumed air, and meeting 
with great force, produces the sound known as 
thunder. 

Lightning is seen under three forms : either pur- 
suing a zig-zag course, in which case it is said to be 
forlced; or as broad flashes, often the reflection of 
distant forked lightning, when it is known as sheet 
l^htning ; or, more rarely, as a ball of fire, moving 
much more slowly, and remaining visible for some 
seconds. 

Thunderstorms often occur entirely within the 
atmosphere, when difierently charged clouds approach 
and discharge. 

Distribution. — ^Within the sweep of the trade 
winds, in the polar regions, and in rainless districts, 
thundier-^rms are very rare ; in the calm belts they 
are frequent and violent. They are more terrible 
among mountains than on plains, and are extremely 
violent at tke change of the monsoons. 

Magnetism. Nature, — Magnetism is a force closely 
allied in nature to electricity, but chiefly confined to 
iron and some few otber metals, and to the earth. The 
magnetism of the earth is called terresiHal magnetism ; 
and its various operations may be best understood by 
Observing its action upon a magnetized bar of iron or 
needle. 

If a bar of iron be carefully suspended by its 
centre it will, of course, be quite horizfontsi^ 
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remain directed to any point to whicli it is turned. 
If now this bar be magnetized, two peculiar features 
are at once made apparent. (1) The bar will only 
point in one direction, nearly north and south ; and 
if the end which points to the north be directed to 
the south, it will immediately turn round, and, afber 
a few vibrations, come to rest in its former position. 
This end is called the north, and the opposite end 
the south pole of the bar. (2) The bar no longer 
preserves its horizontal position, but the north pole 
inclines, or dvpSy as it is called, to the horizon at a 
certain angle. 

We have said the magnetic needle points nearlg 
due north and south. The deviation from that 
position is called the dedmation of the needle; and 
it is said to be east or + , and west or — ^ according 
to the direction of its declination. 

The dipping of the needle is called its viuMnaMon; 
and it is said to be + when the north end points 
downwards, when the needle remains horizontal, 
and — when the north end points upwards. 

The force with which the earth acts upon the 
needle is called its intensity ; and this is made up of 
two components — the horizontal intensity, relating 
to the declination, and the vertical intensity, relating 
to the inclination. The two together are termed the 
total intensity, 

BepresentaOon. lake the distribution of tempera- 
ture, the magnetic phenomena of the earth are best 
illustrated by series of lines. Those passing through 
places having the same declination are called iffo^onaZ^ 
lines ; those showing equal inclination are isoclinal * 
lines; and those passing through stations having 
the same intensity are called isodynamic^ lines. 

The distribution of these various lines over the 



^ Gr., isoif equal ; and gonia, an'angle. ^ Gr. i isos/ and l^inOf 
io jbfizMl * Chr., isosi and dynamis, power. 
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surface is far too complicated to admit of treatment 
in an elementary work of this character. We will, 
however, briefly tonch npon their more prominent 
features, commencing with — 

1. Isogonal Lines. — The globe is divided into two 
hemispheres of unequal size by a line of no decUnO' 
fion, passing through the poles, and roughly inclined 
to the equator from N.W. to S.E., at an angle of 
about 70"". The smaller compartment includes the 
north-eastern portion of North and South America, 
the Atlantic, Europe, Africa, and Western Australia. 
The declination is everywhere westwards throughout 
this area. The larger compartment, in which the 
declination is to the east, includes the rest of the 
globe, except an oval space embracing Eastern Sibe- 
ria, Japan, the Yellow Sea, and paii of the sea of 
Ochotsk. Within this singular area the declination 
is again westward. 

The whole of the isogonal lines are sweeping west- 
ward in the northern, and eastward in the southern, 
hemisphere ; the result being that lines of less western 
declination sweep successively any given place. Take, 
for example, Greenwich. Prior to the years 1657 to 
1662 the declination there was to the east; during 
those years it was nothing ; then it began to be to the 
west, and gradually increased up to 27° at the begin- 
ning of this century. It has since been decreasing. 

2. Isoclinal Lines, — The line aloug which there is no 
decliuation is called the magnetic equator; and the 
points where the needle is vertical, the magnetic poles. 
The former does not coincide with the terrestrial 
equator, but is inclined to' it at an angle of 12**, cutting 
it in long. 3"* and 1 73** W., with a great bend to the south 
in the western Atlantic. The magnetic poles were 
both determined by Sir J. C. Ross. The northern 
pole is situated in lat. 70° N., long. 97° W.; the 
southern pole in lat. 75° S., long. 164° B. _ 

8. Lod^noTnic Lines, — ^The equator oj m^rtwwwro^'^ 
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iensity is inclined to tlie terrestrial equator at from 12° 
to 14°, and cuts it at long. 32° E. and 148° W. As in 
the case of tte magnetic equator, there is a deviation 
to the south on the west of the Atlantic. There are 
four points of greatest intensity, two in each hemi- 
sphere. In the north, one of these points is situated 
in North America, south-west of Hudson's Bay ; the 
other in Siberia, in 120° E. long. In the south, one 
is in the South Atlantic, in lat. 20" S., and long. 
36' W. ; th^e other in 60° S. lat., and 131° E. long. 
The South^tlantic point has the least intensity, the 
other southern focus the greatest intensity ; and. the 
American is stronger than the Siberian foetus. 

Auroras. — In the extreme north and south, beautiful 
lights of rosy, golden, and emerald hues stream up- 
wards from the polar horizon, or hang as a fairy cur- 
tain suspended in the sky. These appearances are 
called auroras. That in the north is known as the 
aurora horealis* while that of the south is called 
aurora australis? If we draw an oval round the 
north pole, through Iceland, the North Cape, the 
Q-ulf of Obi, Korthem Siberia, the mouth of the 
Mackenzie River, the centre of Hudson's Bay, and 
Nain, it will include the region where the greatest 
number of auroras occtir annually, the average num- 
ber being forty. The southern region has not yet 
been mapped out. These auroi^as are closely con- 
nected with the magnetic forces of the earth. 

It has recently been determined that auroras occur 
simultaneously in both hemispheres. 

Magnetic Storms, — Occasionally great disturbances 
in the magnetic forces occur, which are called ma^- 
mtic storms. They extend over immense areas at 
the same time, having been felt simultaneously at 
Toronto, Cape Prague, and Hobart-town. They are 
found to have a relation with the spots on the sun. 
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being most intense when the solar spots are most 
nnmerous. They have a periodicity of five years, 
corresponding with that of the snn spots. 



CHAPTER IX. 
LIFE. 

IntrodTLctory Remarks. — The organic world is 
divided into two great kingdoms, the animal and the 
vegetable. The division at first sight appears to be 
one concerning which no donbtcoxQd arise ; bnt when 
we descend to the lowest forms of life, it is seen that 
these kingdoms are separated by no distinct line, bnt 
that they merge so gradually into each other, that 
whole classes appear to hover on the confines, and to 
belong to neither. In this, as in aU other cases, we 
see that nature has no hard boundaries, no harsh 
lines, but that a softening blending exists between its 
various members. 

In speaking of animals and plants, we group 
together those forms which possess much in common 
as genera^ and again spht up genera into epedes. 
Thus the lion, the tiger, and the cat, possess a vast 
number of features in common, and belong to the 
earn© genus; but they each possess differences of 
fiuflBdent magnitude to authorize our considering 
them as distinct species. 

We cannot, however, draw a line round species, 
either of animals or plants, so intimately are they 
connected by some one or more points. This misti- 
ness, if we may so call it, ceases to be puzzling when 
we consider how probable it is that all the species of 
a genus have descended from one parent form, and 
that the differences by which we now distinguish 
thehi| are but the characters of branches of the same 
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family. Tracing our way backwards through tiie 
two kingdoms, we find connecting links at ey&cj 
step, which seem to point to the same story ; that 
animals, whether jelly-fish, crabs, oysters, fishes, 
reptiles, birds, or mammals, have all descended from 
some fonr or five original forms at most, whose 
characters are lost in the darkness of primeval time. 
The vegetable world tells ns the same story; and 
further, it may be that the study of those obscure 
forms lying between the two kingdoms may yet show 
that animaJs and plants have had the same origin, 
and that the magnolia and the man have sprung 
from a common ancestry. 

The distribution of species leads us to the con- 
clusion that all the individuals of a species have 
spread from some centre where they were originally 
produced. It is not to be taken for granted that 
species live in the country best fitted for their growth ; 
but it appears that, to a large extent, their existence 
at all and their relative numbers are determined by 
their power to cope with other species living on the 
spot. The common canal-weed {Anacha/ris ahmaS' 
trum) in its native Canada was not remarkable for 
vigorous growth ; but when introduced into England, 
it ran through the country with astounding rapidity, 
choking rivers and canals, and becoming an enemy 
of no mean strength to those who depended upon a 
channel for support. It is called by labourers the 
" poor man's friend," in the river Welland, for three 
men are now required to keep clear the stream, 
where, before, one was sufficient. 

The mode in which islands and other portions of 
the earth were stocked cannot be here treated of; but 
we may remark that the same story is told of the 
existence of continents where the sea roUs, and d 
changes of climate, gigantic in their nature, that 
geology brings to our knowledge. 
Piazzto. — ^Flauts are depexi£ii\i Iot ^3bs&s ^osixsom 



CHAP. IX.] 



LIFE. 



185 



upon climate and soil. In the snowy fastnesses of 
polar regions little vegetable life exists, the grey 
lichen clothes the rocks, and a few mosses live ont a 
stunted life. As we descend into the more genial 
climes, the variety, beauty, size, and number of the 
plants increase, till, amid the damp, hot regions of the 
tropics, so luxuriant and gorgeous is the growth, as 
to render their forests impassable to man, and almost 
to ajmnals, save birds and insects. 

The same thing is observable if, instead of travel- 
ling from the poles to the tropics, we ascend a 
mountain. If the mountain be situated within the 
hot region, we pass in succession through the same 
classes of vegetation, and, more wonderful still, the 
forms living upon the mountains in regions distant 
from one another are often closely allied. How 
came they there ? How did they cross those inter- 
mediate regions where climate would inevitably 
destroy them? The answer is to be found in the 
pages of geology. Once, the earth was cold, and such 
plants spread over those intermediate tracts, and as 
the climate grew hotter they were driven higher up 
the mountain sides, till now we find them isolated 
by hxmdreds, perhaps thousands of miles from their 
brethren, flooded out with sunshine, and driven to 
the mountain tops for shelter. 

But soil, as well as climate, is an essential to plant- 
life. For the luxuriance of vegetation is as depend- 
ent upon soil as upon climate. The loose sandy 
tracts lying within tropical Africa are as bare as the 
bleak rocks of polar lands. 

' General Distribution. — The earth has been di- 
vided into eight climatal regions, corresponding with 
certain isotheral lines, each possessing its own 
peculiar vegetation. These regions are, (1) the 
Equatorial, (2) the Tropical, (3) the Sub-tropical, 
(4) the Warm Temperate, (5) the Gold Temperate, 
(6) the Sub-arctio, (7) the AxcUo, VScLte,^^. 
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1. The Equatorial Begion is the region lying nnder 
tlie equator, and rising to an altitude of 2000 feet. It 
is also known as the region of 'palms a/nd hananag, 
from the abundance of those plants. Orchids of 
wonderful beauty and strange forms abound ; spices, 
such as ginger and cvnnamon, are abundant, and 
delicious fruits, like the pine-apple, occur in plenty. 
Among the trees, the haohah is most remarkable, 
and the mahogany, logwood, and ebony, are the most 
valuable. 

2. The Tropical Begion, found also at the equator 
between 2000 and 4000 feet on the mountains, is 
named the region of tree-ferns and figs. Spices, such 
as pepper, thrive ; flowers of brilliant hues abound ; 
and usefol vegetables, such as the yam and sweet 
potato, are plentiftd. Teak is, perhaps, the most 
useful tree of the region. 

3. The Sub-tropical Begion, extending also between 
4000 and 6000 feet on the equatorial mountains, is 
known as the region of myrtles amd la/ureh. The last 
of the palms, the date palm and the palmetto, are here 
found. Cactuses and aloes abound; heaths are repre- 
sented by numerous and beautiful species ; and giant 
forest trees, such as the Sequoia of Ualifomia, 500 feet 
high, the bark of one of which formed till recently 
one of the grandest objects in the Crystal Palace, as 
it was one of the most execrable monuments of 
Vandalism, and the Douglas pirn, which towers a 
magnificent cone to nearly 300 feet, form a noble 
feature in the region. 

4. The Warm Temperate Zone, occurrihg also be- 
tween the heights of 6000 and 8000 feet at the 
equator, is the region of evergreen trees. The orange, 
fig, and pomegranate, thrive ; and the flowers, though 
approaching the character of our own regions, still 
retain enough of luxuriant beauty to stamp theta as 
natives of warmer zones. 

5. Tlie 6old Temperate Begi(m)\^\B^ «^ betweetfi 
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8000 and 10,000 feet upon the equatorial monntains, 
is called the region of deciduous trees, for in it forest 
trees, snch as shed their leayes in autxLtnn, the oah, 
leeehy elm, etc., are found in great plenty. Firs occur 
in large forests, and in the southern hemisphere the 
hhis-gum abounds. 

6. The Sub^arcUo Region, reached between 10,000 
and 11,500 feet in the tropics, is the region ofj>ines ; 
but the willow, hi/rehj and poplar, thrive also. Apples 
grow with difficulty, and fruits are rare. 

7. The Arctic Zone, attained between 11,500 and 
13,500 feet at the equator, is the region of rhododevr- 
drons, whose beauty spreads a strange charm over the 
cold zone they inhabit, almost rivalling the splendonr of 
tropical forms. The flowers, though not so luxuriant, 
are of remarkable brilliancy. The fws are the only 
trees, except the dwarfed and stunted willows, alders, 
and hvrches, that survive the rigorons winter. 

8. The Polar Begion, represented on the tops of 
the highest mountains as well as within its own 
J)ecuHar district, is the region of tdpine plamts, No 
tree, no shrub, no plant whatever, rears its head 
above a few inches from the soil. The willow and 
the hirch creep along the gronnd, and represent the 
only approach to woody-stemmed plants. Mosses 
and lichens thrive in abundance ; and on the eternal 
snows themselves, vegetation is represented in the 
singular form known as red snow. 

Plants are also classified into geographical regions, 
characterized by the prevalence of certain plants 
having a resemblance; but this is a subject for 
which, as for so many other points connected with 
the distribution of life, we must refer the student to 
larger works. 

Mcmne Vegetation, — Seaweeds do not live indis- 
criminately at aU depths, but certain forms are found 
to thrive only between high and low water mark. 
Others, BgBon, are confined to a deng(&dl\^Vfi«fi9iL^^ 
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and fifteen fathoms ; and yet others live only in deep 
water. 

Marine plants are also distributed in regions, like 
their terrestrial brethren, but space forbids any en- 
largement upon the subject. 

DistributLon and Limits of Important Plants. 
Trees. — The north limit of trees is roughly that of 
the summer temperature (isotheral line) of 60^ Com- 
mencing on the north of the peninsula of Alaska^ 
the line passes inmiediately south of the Great Bear 
Lake, through the centre of Hudson's Bay and the 
north of Labrador ; thence through the south of Ice- 
land and the extreme north of I^orway ; after which 
it bends south for a time, to the Arctic Circle, and 
finally makes a wide sweep through Asia, dropping 
below that circle on the extreme east. 

Trees grow all over the lands of the southern 
hemisphere, excepting the distant southern continisnt. 

Oram, — The north limit of cultivation of grain is 
nearly that of the isotheral of 56®. The foUowing 
table shows the chief grains in the order in which 
they are met with, commencing from the north, to- 
gether with the extremes of temperature within 
which they flourish, roughly estimated :— 



Grain. 


Isotheral. 


Bemarks. 


Barley . , 

Bye . . . 

Oats . . 
Wheat . . 

Uaize . . 
Bice. . . 


SS'^toTO** 

68'*to70''^ 

58° to ir 
SQ^'toTS" 

65° to 80*'^ 
80° ^ 


Widest geographical range. 
Bread of Scandinavia and 

Bnssia. 
Largely nsed in Scotland. 
Cannot grow in N. Scotland. 
Bread in Germany, France, and 

United States. 
Chief food of India, China, and 

Japan. 



Vine. — The vine ranges north to about 52® N. lat. 
Id the Old, and 40*" in ISew ^oc\<L lt& otQuauam 
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limit is about lat. 40"* S. The finest wines are pro- 
duced between lat. 80** and 40°. 

Animals. General DisMhution, — The distribution 
of animals is determined by climate and food. The 
remarks made respecting ihe adaptability of species 
of plants to the places where they live, are equally true 
of animals. Thus, the horse, introduced from Europe, 
has spread oyer the prairies and pampas of America 
in vast herds, showing how fitted for the New World 
that animal is. No native horse is known in America ; 
but, strangely enough, they once lived and died out, 
for their remains ai^e still discovered as fossils in the 
superficial beds of South America. 

We cannot enter upon even the slightest descrip- 
tion of the distribution of fishes, reptiles, birds, or 
lower animals, for we have only space for a few 
words respecting the range of the chief quadrn^peds^ 

The animals of the arctic sone are not numerous, 
and thej are either of the same or closely allied 
species m Europe, Asia, and America. Tins must 
necessarily be the case when we consider how closely 
connected the polar lands are, and how easily animals 
can travel in winter over the frozen ice-fields, or 
be carried involuntarily upon the floating ice. The 
greater number of the animals inhabiting this 
zone are fiu>bearing; but reindeer and elks are 
numerous. 

The lands of temperate zones being more separated, 
the animals there have not so close an alliance in species 
as those of the arctic zone, but the same general features 
prevail. Thus, the amrochs, or wild cattle of Europe, 
now extinct, save in one locality where they are pro- 
tected by conmiand of the Czar of Bussia, are repre- 
sented in North America by another species of the same 
genus, the bison, or "bufialo," of the hunters. The 
beaver extends over temperate Europe, Asia, and 



* quatuor, four, and pett pedU% a foot \ lQ^*1sMNA^«B&sfiafi&. 
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America. The Old World besirs are represented lof 
those of the New World ; dew, bares, wolves, etc., m 
like manner are represented in both hemispheres. The 
goats occnr in the mountain districts of both regions. 
In the tropical zones again a roagh parallelism 
may be maintained between the animals of the two 
worlds. Thns the Uon is represented in America by 
the pumay the tiger by the jaguar^ the leopard by the 
pmtJier, the elephcmt by the tapir^ the New World 
by the Old World monkeys. Bnt these are only very 
rough comparisons, for the differences are nsnally ot 
generic value. Polynesia possesses no animal larger 
than a hog. 

Distribution of some of the Chief AnvmaU.—Ahica, 
is the region of the lion and the hippopotcmus, the 
giraffe, the ze^ra and quagga, and numerous antelopgs ; 
the baboon and the goriUa are African. The elephmi 
and the rhinoceros have a wider range, being &and 
over all Africa soutifi of the Sahara, Hindostan, 
Further India, and Sumatra; the spedea differ in 
difiGBrent localities. The Uger extends from Hindo* 
stan to the Caspian, thence to Lake Baikal, and sonili, 
through the peninsula of Gorea, to Sumatra. It is, 
however, occasionally found as far north as Barnaul on 
the Obi, in Siberia. The houaga/roos are confined to 
Australia, which island also possesses the peculiar 
ornithorhynchus, so named from its peculiar bird-lika 
bill. South America possesses the Uama^ the New 
World equivalent of the camel. 

Man. — Professor Huxley has divided the varietiea 
of man into two great classes, according to the 
character of the hair — the Ulotrichiy^ having crisp, 
woolly hair ; and the Leiotrichi,^ having smooth hair. 

1. Uhtrichi, — The colour in this race varies from 
yellow and brown to the darkest tint known in the 
human skin, usually called blach. The hair and eyes 



' Qr», alast erisp, and triehiof, hais, ^ Qf.^ 140$^ ippofr 
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are dark. The skulls are long, or dolicocephalic.^ 
The cshief varieties are — 

NegroeSj extending from the Sahara to the Cape. 

Bushmen, inhabiting the Cape district. They are 
remarkable for their low stature, the males seldom 
exceeding four feet in height, a^id the females are 
much shorter. There is a remarkable tendency to 
develop great masses of f&t upon the buttocks. 

Negritos, inhabiting the Andaman Islands, Malacca, 
the Philippines, and Papua, the islands as feir south as 
New Caledonia, and Tasmania. Of these the Andaman 
islanders alone have broad, or hrachycephaMc, skulls. 

2. LeiotricJd, divided into four classes. 

(a) The Australoid Type, with dark skin, hair, and 
eyes ; long wavy black hair of fine silky texture ; 
dolicocephalic sknll; prominent brow- ridges; nose 
broad, but not flat ; jaws heavy and projecting, and 
lips very coarse and flexible. 

The Australians and the hill-tribes of the Deccan 
(CooUes) exhibit these characters, and the OAncient 
Egyptiam possessed them also.^ 

(h) The Mongoloid Type. Skin yellowish or reddish 
brown ; eyes and hair black, the latter scant upon the 
body and face, but long and straight on the scalp ; 
sknlls vary from dolicocephalic to brachycephalic. 
Prom Lapland to Siam, this type prevails, and this 
section has broad skulls. The Chinese and Japanese 
have long skulls. The Malays, with broad, and the 
JDyaks, with long skulls, belong to this class, as do 
also the Polynesians, the Maories of New Zealand, and 
the Eskimo and American races. 



> Skulls are said to be long, or dolicocephalic, when the breadth 
is less than eight-tenths of the length, and braohycephalic when 
more than that amonnt. Gr. ^Ukoa long, brachys broad, 
hephalon a eknll. 

^ In the mnftMim of the Ehediye of Egypt at Bonlak, near 
Cairo, a bomerang is shown from the pyramids of Sakkarab, thus 
bearing evidence of the truth of the above dasBifioatlQii* 
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(c) The Xmthochroic^ Tyj^ey or favr^whitey ham 
clear, transparent skins, blue or grey eyes, abundant 
fair hair. Skulls vary from doHcocephaJic to brachy- 
cephalic. The Slavonicms^ Teutons^ 8c(mdm(wians, 
and iair Celtic-speaking nations, belong to this divi- 
sion, which extends into North Africa and West Asia. 

(d) The Melanochroic^ Tyjpe^ or da/rh whites, have 
pale complexions, dark eyes and hair, skulls generally 
long, but sometimes broad. 

The Iberians, "black Celts," of Western Europe, 
dark-complexioned whites of the Mediterranean, West 
Asia, and Persia, are included in this class. They are 
probably a mixture of Australoids and Xanthochroi. 

Man^s Influence, — ^Man's influence upon the earth is 
of a twofold nature : his influence upon life, and his 
influence upon inanimate nature. 

Influence upon Life. (1) On Animals. — ^This may 
be discussed under two aspects : (a) Preservation, in 
the case of useful animals, such as the ox, horse, dog. 
(h) JEztermination, or the destruction of n-Tn'mftlg 
dangerous or annoying to man, such as the wolf; 
or useful for food, as the deer. 

(a) Preservation, — Animals have been domesticated 
from the earliest times. The rude pre-historio 
people, who used the flint implements so plentifully 
discovered within the last few years, are known to 
have domesticated the dog, ox, horsey goat, sheep, 
and hog. The domestication of these animals dates 
too far back to be traced ; but it is certain that they 
have for ages been made subject to man over the greater 
portion of the globe. To such an extent has domes- 
tication altered the characters and habits of animals, 
that differences of variety, such as the dray-horse and 
the hunter, have been produced ; differences so great 
that, had they occurred in nature, they would have 
been deemed sufficient to constitute distinct species* 



Cfr,, aanthos, yellow* and chroma, ooloiu. ^ Gr.^ melanos, darh 
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(&) Extermination* — The extermination of nsefal 
animals, such as the heaver, deer, etc., is owing to the 
great demand for the skin in the one case, and to the 
fascinating pleasures of the chase in the other, com- 
bined with the spread of cultivation, driving the 
native animals into more confined areas. In this 
way large districts have been cleared of their former 
denizens. Other species are in process of extermi- 
nation ; thus the deer and the bison are becoming rarer 
every year in North America ; and no country can be 
named where fur-bearing, or other useful animals, 
or even animals valuable for the chase, are not being 
steadily d^^^troyed. 

Wolves, bears, lions, tigers, and such animals as are 
dangerous to man or destructive to his property are 
speedily exterminated in the neighbourhood of towns 
or driven to less frequented spots. Thus, England has 
long been depopulated of wolves and hea/rs, and the 
/oa? would have shared the same fate had it not been 
preserved for the purposes of sport. 

(2) Influence on Flants. — Plants have been cultivated 
from remote ages ; and the perfection to which they 
have attained is the result of long and continued 
selection of the best varieties. That the valuable 
characters cultivated plants possess are really the 
result of man's influence, is evident from the fact that 
no single useful plant, such as wheat, cabbage, or 
potato, has ever been found in newly-discovered 
regions, except in a state of cultivation. So far has 
modification been carried, that the original forms of 
most of our cultivated plants are unknown. 

Influence upon Inanimate Nature.— Man's in- 
fluence upon inanimate is greater than upon animate 
nature, for it is more directly under his control. This 
influence is either — (1) Direct, as in clearing forests, 
reclaiming waste lands, enclosing marshes, etc. ; or 
(2) Indirect, as in the unforeseen effects upon climate 
caused by the above influences. 
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1, Direct— 80 soon as man becomes civilized, and 
commences to till the soil, he begins to cut down 
trees. This is natural in the case of thick forests, 
which rapidly disappear before the march of civiliza- 
tion, but is not so excusable in some other cases, 
where trees are ruthlessly destroyed, even in thinly- 
wooded districts. Forests are often obhtemted by 
accidental fires, as in the great forest fires which raged 
in the northern states of America last autumn (1871), 
when Chicago was consumed ; but the loss from this 
cause is not so great as from cultivation, for in the latter 
case, no chance of reproduction is possible. Europe 
was once a vast forest ; now it is sparsely wooded ; 
immense forests have been cleared in America and 
in other parts of the globe. 

Waste lands are continually being reclaimed, and 
marshes drained and cultivated, as in our Fen-land, 
where about 800 square miles have been brought 
under tillage, and large tracts of land have been 
reclaimed from the sea, as in Holland and our eastern 
coasts. 

2. Indirect. — The indirect effects of operations such 
as the above upon climate, have been as remarkable 
as they were unexpected. 

The clearing of forests acts powerfully in modifying 
climate. Forests " regulate rainfall, by preventing too 
rapid evaporation from the soil, and creating a stratum 
of cooler air above it," and by equalizing temperature, 
causing the nights to be warmer and the days cooler, 
and rendering winter less rigorous and summer less 
scorching. Where, as in Spain, Italy, India, etc., 
they have been destroyed, the fertility of the district 
has been diminished ; for the rain, instead of falling 
in moderate quantities on many days, descends in 
torrents within a short space of time, sweeping away 
the soil, and causing the country to become parched 
and infertile. In places, such as Algeria and Egypt, 
where planting has been much resorted to, rain now 
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falls much more abundantly tlian bafore, and the soil 
is becoming more productive. No better example of 
the effect of forests upon climate can be found than 
that of Piazza Torre, in Italy, where the wood, being 
used to produce charcoal for iron-furnaces, was at 
length all felled, and the climate so increased in 
severity, that the maize no longer ripened. "An 
association, formed for the purpose, restored the forest, 
and maize flourished again in the fields of Piazza 
Torre." 

Irrigation, that is the artificial wateriog of the land 
by canals, has in some cases greatly diminished the 
amount of water carried to sea by livers. Instances 
of this kind are not uncommon in Spain, in Lombardy, 
Turkey, etc., and the case of the rivers falling into 
the Caspian has been already noticed (p. 114). 

Conclusion. — The Continents. We have described 
the various agents at work upon the surface, which 
make the earth what we now find it. We have 
seen how important the movements of the globe are 
in producing the varied alternations of day and night, 
of spring, summer, autumn, and winter; we have 
learned how all-powerful the sun is, in affording us 
the light and heat by which alone life can be sup- 
ported ; we have seen how that light is dispersed and 
rendered useful by the intervention of the atmosphere, 
and how the combined effect of atmosphere and solar 
heat results in the production of rain, of snow, and 
hence of rivers ; and lastly, we have dwelt upon the 
face of the globe as teeming with life under myriads 
of forms and conditions. 

But the surface of the earth at present, is not 
the surface of the past. It is varying always, changing 
always, never the same. The rain is perpetually 
falling upon the land, washing fragments of soil and 
rock into the rivers ; the rivers are continually grind- 
ing their beds and wearing t\i^m ^i^wj % «3a^ 
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sea is ever gnawing at the shores, and swallowing 
all that is carried down by the rivers. Nor is this 
action to be ignored, for it is estimated that the whole 
of the land-surface of the globe could be reduced to 
the sea-level by the existing rivers in about six million 
years. But this wearing down is to some extent 
compensated for by the gradual elevation of portions 
of the earth, through the agency of heat. Water 
is continually striving to reduce the land beneath 
the waves ; and it is only by the intervention of fire 
that it is prevented from accomplishing its object. 

Hence we see how the face of nature is evei 
changing; and as the depression, as well as the 
elevation, of land may be produced by the action of 
heat, we see how probafble it is that continents have 
once existed where now blue water lies, and that 
oceans have rolled over the lands of both hemispheres. 

The science of geology renders this probability a 
certainty, for the rocks themselves tell us of these 
changes, and tell us further, that they have not 
happened once or twice, but many times in the 
world's histoiy. And, more wonderful still, within 
these rocks are entombed the remains of animals and 
plants that lived upon those wasted continents or in 
those ancient seas; and we find them of strange 
shapes, such as no longer exist, but all pointing to 
the same story, that throuighout vast ages, earth has 
been peopled with living beings ; and that the present 
state of things is but the last of a long series of 
changes. In other words, geology is the physical 
geography of past ages, or physical geography the 
geology of the present. 

The time necessary to produce these changes is so 
vast that the mind cannot grasp it. Astronomy bring s 
man in contact with the Infinite, Geology .with the 
Eternal, and both are attributes of GroD. 
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Lightning, 179. 

Lines, Coast, 29| Go-tidal, 90; 

Isoeheimal, 178; Isoclinal, 181; 
. Isodynamic, 181; Isogonal, 181; 

Isothersl, 178; Isothermal, 173; 

Snow, 132. 
Llanos, 56. 
Local Time, 25. 

Longitude, 20 ; Method of Finding. 
23. 

Lunar Method, 25 ; Magnetic Needle, 
180; Movements of 180, 181; 
Storms, 182; Tides, 84. 

Magnetism, 179; Auronxs, 182; Na- 
ture of, 179; Needle>'l80. 

Man's, 190 ; Inflaence on, 192, 193, 
194; Races, 19(>. 

Marine Plants, 188. 

Mass of the Earth, 17; of Ocean, 64. 
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Moraines, 186. 
Mock Suus, 164. 

Mountains, 32; Africa, 40 ; Asfa. 88 • 
Australia and New Zealand, 45 ; 
Central America, 43 ; Detached 
Ranges, 89, 44; Europe, 86; Iso- 
lated Mountains, 46; North 
America, 42 ; South America, 48. 

lioTements— Annual ReTolutions, 9; 
of the Apsides, 16 ; of the Atmo- 
ipbere, 166 ; of Cloods, 123 ; Di- 
urnal Rotation, A; of Glaciers, 
2Se; Heavenly Bodies, 2: of Laud, 



15r. : of Mafmetie Needle, 180, 181 ; 
Nature of Ware Motion, 78; Nuta- 
tion, 14; of the Ocean, 70. 

Nautical Almanac, 25. 

Ocean, 59 ; Continuity of, 59 ; Dis- 
tribution, 59 ; Features, 60. 

Oscillations, Barometrical, IM. 

Pampas, 57. 

Petrifying Springs, 99. 

Phosphorescence, 68. 

Plains, 47; Atlantic Plain, 56; 
Elevation, 51; Low Plains, 51; 
Plateaux, 48. 

Planets, 10. 

Plants, 185; Distribution of, 185; 
Man's Influence ou, 123 ; Marine, 
186. 

Pole Star, 4, 22. 
Polar Circles, 20. 
Prairies, 55. 
Precession, 15. 
Priming, 89. 
Quadrant, 23. 
Radiation, 118. 

Rain, 125; Condltlonsy 126; Forma- 
tion, 125. 
Rainbows, 164. 
Rainlera Districts, 129. 
Rainfall, Amount of, 125. 
Rapids, 102. 

Reflection of Light, 159. 

Refraction of Light, 159. 

Rivers— Action of, 170; Bed, 109} 
Channel, 102; Descent of, 106; 
Description of, 102^ Floods of, 
106; Left Bank, 102; Lower 
Cburse, 103; Middle Coarse, loa; 
Mouth, 102; Origin, 101; Riglii 
Bank, 102; Steppe, 106; Source 
of, 102, 104 ; Tidal, 108 ; Union of, 
104 ; Upper Gourte, 108 ; VarieticB, 
108. 

Sarmatian Plain, 58. 
Savanhas, 56. 

Sciences, RelatioDB with, 1. 

Sea lee, 139l 

Seasons, 11. 

Sei-ein, 120. 

Sextant, 23. 

Silvas, 57. 

Size of Earth, 17 ; of Atmosphere, 
158; Glaciers, 188 ; Ocean, 60. 

Snow, 130; Limits of, 132; Nature 
of, 183. 

Solstice, 1». 

Species, 188. 

Spring, 12, 170 ; Soron>er, 12, 174. 

Springs, 94; Bltun^en, 99; Calca- 
reous, 99 ; Gftrbonated,l00 ; Clialy. 
beate, 99; Deep-seated, 95; Form 
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ginoTis, 99; Intermittent, 97; 
Land, 95 ; Petrifying, 99 ; Saline, 
99; Silicious, 100; Sulphurous, 
100; Thermal, 99; Transtratic, 95. 
Steppes, 63. 

Storms, Wind, 171; Magnetic, 182; 
Thunder, 178. 

Bun, Meridian Altitude, 8; Com- 
parison with Earth, 18. 

Surf, 80. 

Temperature, of Ocean, 69; Distribu- 
tion of, 177; of Baruh's Interior, 
140. 

Thermal Springs, 99. 
Thunder Storms, 178. 
Tides, A6rial, 166; Oompared with 

Winds, 82; Formation of Waves, 

89; Lunar, 84; Origin, 83; 

Progress of, 91 ; Solar, 86 1 Spring 

and Neap, 87. 
Transtratic Springs, 95. 
Transmission of Heat, 165. 
Trees, 188. 
Tributaries, 103, 
Tropics, 19. 
Tundra, 53. 
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TwiUght, 161. 

Ulotrichi, 190. 

Vapour, 117. 

Volcaiiio Action, 140. 

Volcanoes, 143; Distribution, 116; 

Eruptions, 145; Mud, 149; Origin 

of Cones, 144. 
Waters, Circulation of, in the Earth, 

101; Inland, 93 ; Mineral, 100; of 

Kivers, 106. 
Waterfall, 102. 
Water-shed, 102. 
Water-parting, 102. 
Waves, Depth Determined by, 61; 

Force of, 82 ; Laws of , 62 ; of Sea, 

61; Tide Waves, 82; Wind Waves 

and Tide Waves Compared, 82. 
Weight of Atmosphere, 158; of 

Earth, 17; of Ocean, 64. 
Winds, 70, 168; Anti-Trades, 71; 

Monsoons, 70, 170; Storms, 171; 

Trade Winds, 70, 169, 170. 
Winter, la, 176. 
Zenith, 9, 22. 

Zone of Couiitant Precipitation, 189 
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